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(a) aMHHHpoBafb no il h, HanoHeu, II 0>opMH.nHpo- 
eaTb. AO jl. 06a.Gndco6a (a) ;h (6) nojiyMeHHH I hb- 

^(OtCfl MHOrOCTaAHHHbiMH. *' * 

HaMH t pa3pa6oT3H HenpeptdBHbiH oAHOCTaAHHHbifi 
cnoco6~- nojiyqeHHH I, ocHOBaHHbm Ha npaMOM B3a- 
HMoAeHCTBHH IV c boahum pacTBopoM q)opMaAbAerH- 

JIB (V) B npHCyTCTBHH 3HHOH006MeHHOH CMOJIbl 

AB-17-8 b OH-(f)opMe h aMMHaKa, KOTopbifi anywHT 
KaK peaKTHBHpyiomHH areHT aah KataJiH3aTopa. 



3KcnepuMeHTOAbHan nacrb 

' 

Chhtc3 I npoBOAHJiH b TepMOCTaTHpoBaHHOM peak- 
xope 'npoTOMHoro THna c BHyTpeHHHM AHaMeTpoM 

12 MM H'BblCOTOH 300 MM.Mepe3 CTaUHOHapHbJH CJIOH 

aHHOHHTa AB- 17-8 (30 mji) npH TeMnepaType 60— 
90 °C hhcxoahiuhm noTOKOM HenpepbiBHO nponycKa- 
jjh pactBop, C0Aep>KauuHH IV (9,58 %) h V (5,1 1 %) 
b none, Ao6aBJiH.nH 0,5 — 1,5 mojih aMMHaKa. Ajih- 
TeJibHOdb peanuHH 1m, CpoK cyiy>K6bi KaTa;iH3aTopa 
b HenpepuBHOM npouecce 40 m. 

IlbJiyMeHo 16,6 r (0,109 mojih) I, mo cooTBeTCT- 
Byet ? 7o,7'% ot TeopHH b pacqeTe Ha IV; noJiyueHo 
TaK>ke 4,25 r (0,0319 mojih) II, mto cocraBJiaeT 

23,2E%. Ha IV: npH aTMOCC|)epHOM. HJ1H nOHHM<eHHOM 
flaBJieHHH OTrOHHJIH >KHAKyK) MaCTb peaKUHOHHOH 

CMecH h cHOBa B03BpamaJiH b peaKUHK). Cyxofl ocra- 
TOK^nepeKpHCTaJiJiH30BbiBajiH H3 cnnpTa. FIojiyHeH- 
hwh'<H npeACTaBJineT co6oh 6eJibie KpncTaJiJibi-c 
t, njjv.147— 149 °C C7H8N2O2. flaHHbie 3JieMeHTHoro - 
aHaJiHia yAOBJieTBopniOTr BbiMHCJieHHbiM 3HaMeHH«M. 



CnHp-roByfo BtJTfl>KKy iionojiHHTe/ibHO OTroHH/iH h no- 
jiynaAH II c t. an. 130—131 °C. C6HsN 2 0. 

MK-cneKTpu CHHM3J1H- Ha cneKTpoMeTpe UR-20 
b Ta6jieTKax c KBr b cootholuchmh 1:200 b oS^iacTH 
400 — 4000 cm -1 . HaH6o^ee HHTeHCHBHue xapaKTe- 
pHCTHqecKHe nojiocu norjiomeHHH b HK-cneKTpe I: 
(v, cm" 1 ): 1030 (C— O), 1320 (C— N), 1610 (cxe- 
jieTH. KOJie6aHHH UHmia), 1690 h 1705 (AydneT, 
C=0) ; 2840 h 2940 (CH 2 ); 3070 (C— H), 3000— 
3100 (OH), 3340 (N— H). 

SUMMARY 

The paper outlines a continuous heterogeneous catalytic 
procedure to prepare nicotinic '"acid hydroxymethylamide from 
3-cyanopyridine in a flow reactor. 
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P. B. r opoLueBMM, A. C. KpcMbiHMH, A. 3. PoMaHCKaa, M.. /f. TKaqeHKO 
CPM3MKO-XMMMHECKOE MCCJ1EAOBAHME BMHAPHblX CMCTEM 
IIEKAPCTBEHHblX BELUECTB 

KyfiSblUjeBCKMM MeAMUMHCKMM MHCTMTyT MM. fl. M. Y Jib 51 HOB a 



0npeAejiHiomHM momehtom 6H0A0CTynH0CTH Tpy^- 
ho^h orpaHHMeHHo pacTBopHMbix npenapaTOB ;uih 
BHyTpeHHero npHMeHeHHH hbjihctch CKopocTb nepe- 
xoSa b pacTBop aKTHBHoro Hauajia, nocKOJibKy Bca- 

CblB^HHe npOHCXOflHT TOJIbKO B paCTBOpeHHOM COCTOH- 

hhh [5]. YBeJiHMeHHe ckopocTH pacTBopeHHH nyjeM 
MexaHHMecKoA MHKpoHHiauHH BemecTB He Bcerlaa 
AogthmchmoI 3to 66'bflCHHeTCH Ha^HHHeM npoueccoB 
arjiPoMepauHH h arperauHH KpHCTajiJiOB/yxyAiiicHHeM 
CMaqHBaeMOCTH cBepxTOHKoro nopoiiika. 

B 1 HacroHiuHx h ccji ejioB a h h hx OTpa>KeHbj pe3y^b- 
TaTbi noHCKa onTHMajibHOH AHcnepcHOCTH, a TiaiOKe 

OU«ma-33raTTMOBJIH«HHH^KOMnpHeHTOB 'CHCTeM na- HX 

pacTBopeHHe, BbinoJiHeHHaH npHewiaMH h MeTO^aMH 
4>H^HKo-xHMHMecKoro aHa^H3a. 
HccJieAOBariHH npoBOAHJiHCb Ha MOAejibHbix 6h- 

HapHblX CHCTeMaX fJHOJIOrHMeCKH aKTHBHblX BeinecTB. 

B^kanecTBe HCxoAHbix koMnoHeHfoB i Hcndnb30Ba;iH 
cyScTaHUHH npenapaTOB aMHitonMpHHa, qbeHaiieTHHa, 

arieCTe3HHa, HHKOTHHaMHAa, JieBOMHUeTHHa H .MOMe- 
BHHbJ* OTBe^aiOUXHe TpeSOBaHHHM HOpMaTHBHO-TeX- 

HHMecKOH AOKyMeHTauHH. BeiuecTBa nojotBepra^H ao- 
no^iHHTejibHoA o^HCTKe MHorokpaTHOH nepe.KpHCTaji- 

JlH3aUHeH H3 CnHptO-BOAHbJX paCTBOpOB AO .nOCTOHH- 

HOH ? 'TeMnepaTypbi njiaBJieriHH. HieHTHC^HKauHK) h 
6 X<P)K We 2 



. \ r 

oueHKy cTeneHH mhctotu ocy mecxBJi rji h MeTOAaMH 
peHTreHoqbasoBoro (POA), . AH4)c|)epeHUHajibHoro 
TepMHHecKoro (ZITA) h cneKfpo^OTOMeTpHHecKpro 
aH'ajiH3a'. . .' 

P<t>A nppBOAHJiH Ha ycTaHOBke flPOH-3,0 c CuIC^ 
HSJiyHeHkeM, kBapueBbiM MOHOxpoMaToppM, BHytpeH-l 
hhm cT'aHA'apTOM H3 MeTajiJiHMecKorp^repMaHHH t no- 
/[ynppBOAHHKOBpH HHCTOTbi. PacujH(J)p6BKa peHfreHp- 
rpaMM ocymecTBJiHJiacb c npHB/ieMeHHeM . KapToxeKH 
ASTM. Bee iihkh Ha peHTreHorpaMMax $eHaueTHHa,; 
aHecTe3HHa,.jieBOMHueTHHa, MOMeBHHbi h ht^h ^h U h - 
poB'aHbl no ocHOBHOMy. BeiuecTBy. o.6.pa3upB 

aMHApnHpHHa H HHKOTHHaMHAa OTMCMeHO HeCKOJIbKO 
HeHACHTH(})HUHpyeM blX nHKOB C HHTeHCHBHO^TbJO^Me- 

kee 5%, hto yKa3bJBaeT Ha Ha^iHMHe MHKporipH- 
MeceA, KOTopbie He ycTpaHHiOTCH hc ii o!n b3 ob a h h u m h 

MeTOAaMH OMHCTKH. 

TeMnepaTypu njiaBJieHHH h TepMHMecKyio ycjOH- 
MHBOCTb npenapaTOB onpeAeJiHJiH mctoaom JJTA Ha 
ycfaHOBKe, cocxoHmeH H3 nenH HarpeBa ujaxTHoro 
tnna, nporpaMMajopa HarpeBa — oxyia^AeHHH, yen - 
jiHTeiiH SflC AH(j)^epeHi|HajibHOH TepMpn^pu H AByx- 
TOMeMHorb a BTOMaTHH ec ko r.p noTeHUHpivieTpa' TH- 
na KCn. HcnOJlb30BaJIH THMH H3 aJIlOMHHHH, CKOr 
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Phc. 1. XlHarpaMMbi n-naBKocTH (a) h cocraB — cKopocrb pacTBo- 
peHHH (6) cHCTeMbi aMHAonHpHH^ — <()eHaueTHH. 
3Aecb h Ha pHC. 2—3 no och a'Gcukcc — cocTaB, % moji.; no 
ocH^opAHHaT — TeMnepaTypa, °C. 

pocTb HarpeBa — ■ oxji3>kachhh 10 °C/mhh, Macca o6- 
pa3U0B okojio 0,1 r. 

TepMHHeckyio ycTOHMHBocTb KOHTpoJiHpOBajiH no. 
feMnepaxypaM njiaBJieHHH BemecjB b poKHMe 
3-KpaTHhix uhkjiob HarpeB — oxJia>KAeHHe. HccJieAO- 
BaHHH nbKa3aJiH, MTO TeMnepaTypu njiaBJieHHH 3mh- 
AOnHpHHa, $eHauieTHHaraHecTe3HHa, HHKOTHHaMHAa, 

JieBOMHUeTHHa, MOHeBHHbl CTaSHJIbHbl H COOTBeT- 

CTBeHHO paBHbi 107, f35; 90, 130, 149, ."128 °C. 
OTMeMeHHbie TeMnepaTypbi b npeAeJiax norpeuiHOCTH 
3KcnepHMeHT0B He npoTHBopeMaT AaHHWM jiHTepa- 
xypbi : [3, 7].. - .. 

OrcyTeTB He nppAyKTOB pa3Ji.o>KeHHH nocjie njiaB- 
jieHH^i^ MeTpioM POA.. ' 

U H3 b6pa3^oiVc$ xpH 6HHapHbie CHcrre- 

Mbj" \b coqeTaHHHX aMHAonnpHH — o))eHaueTHH, 
aH ecTe3 h h -^~h h k ot h h a m h a » JieBOMHueTHH — mohcbh- 
H'a r "c BapbkpoBaH HeM * 1 co 6?h 6 uj e h h A kom noHe htob 
qepe3 5 %. ! TeoMef pHMeckaa HHTepiipfefauHfl AaHHbix 

Te f)M H M e C KH X- 3 KCIie p KMC HTO B n O 3 B O JI H JI a O n p e AeJI HTb 
- THli ' ([iHkHKO-XHMHHeCKOrO COCTOHHHH CHCT6M 
(pHC. 1t^3) . Bee TpH CHCTeMbi'OTHOCHTCH K.3BTCKTH- 

■ Me'cKpM £ th n y , ' coct a b w h r TeM n ep a Ty p bi n ji a b ji eH h h 

3BjeKTHK "n^HBeACHJU B, f aSilV "1 . '.TlHkBHAyCbl. $$30: 

Bbix ■.^'^rpaMM jjono^ HHT^ - M^TOAOM 

BH3ya^bHOvno^HTepMHMecKoro KJ ; aka3iH3a^ 
P e ht re h p cj) a ^ 6b tie h cc ji e ao b a hhh o 6 p a 3 ii ob c ri ji a bo b 
bo* Bce.M HHTepBaVie CHcfeM n6Ka3aJiH. orcyTCTBHe 
b hhx hob&x <$a3 t ' Mtd'rwAf Bep>kAaet AaHHbiH THn 

AHarpaMM COCTOHHHH.- 

.:. Rjih Bcex codaBOB BbiuienepeMHCJieHHbix chctcm 
onpe^eJiflJiHCKopocTb pacTBopeHHH kom noHe htob H3 
MexakHMecKHX cMeceft h ^cnjiaBOB' B pacfBop , xjio- 

PHCTOBOAQPOAHOH KHCJIOTbl C pH 1,2 B 06l>eMe 500 MJI. 

KHHeTH^ecKHe SKcnepHMeHTbi npoBOAHjjn.Ha npndope 
c Bpa iix a ip luefie h m e ui a ji koh , ne pe m e hi h b a hh e k c p e aw 
bcyiuecTBJiflJiH co CKopocTbio^ 100 T o6/mhh) Hccjie- 




Phc. 2. ZtnarpaMMbi n^iaBKK (a) h cocTaB — ckopocTb pacrrBo- 

peHHfl (6) CHCTeMbi aHaCTe3HH — HHKOTHHaMHil: • if 

■ ^ 

AyeMbie cocTaBbi Ta6jieTHpoBaJiH npyiMbiM npecco%a- 
hhcm noA AaBJieHHeM 5 MFIa, Macca Ta6jieTOK — 
0,3 r, AHaiweTp — 12 mm. J\jw 0>opMOBaHHH ot6h- 
paJiH o>paKUHH AHcnepcHOCTbio 200 mkm. njiaBjie- 
Hbie o6pa3Ubi oxjia>KAajiH b ctckjihAhoh CTynke, 
norpy>KeHHOH b JieA. Ta6jieTKH o>HKCHp,OBajiH Ha AHe 
TepMOCTaTHpoBaHHoro cocyAa. FlpoSbi or6HpajiH c 
nepHOAHMHOCTbio 2,4, 6, 8; 10, 15, 20, 25, 30 mhh, 

p6T>eMbJ HX KOMneHGHpOBaJIH MHCThJM pacTBopHje- 

jieM,. ^KoJiHMecTBeHHoe onpeAejieHHe HHrpeAHeHiroB 
bcymecTBJiHJiH cneKTpoc|)OTOMeTpHMecKH. KoHueHT- 
p a uh h - p a ccm htu b a ji h m eTpAQM OnpopAfa (3a hckjiio- 
MeHHeM CHCTeMbi JieBOMHueTHH — MOMeBHHa) no cjie- 
aVioWhm ypaBneHHHM [4, 6]: f 
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rjxe E\\ E\ 2 h £*2 2 — yAejibHbie noKasaxejiH 

norjiome.HHH KOMnoHeHTOB C\ h C 2 npn AJiHHax 

BOJ1H k\ H X 2 , D* x H D 1 * 2 ~ 0nTH4eCKHe , nJIOTHOlCTH 
npH AJIHHaX BOJIH X\ H A,2, / — TOJILUHHa KIOBeTfal. 

JXjih CHCTeMbi JieBOMHiieTHH — MOMeBHHa onpeAeJia* 

JIH JIHUIb KOHUeHTpaUHK) aHTH6HOTHKa, TaK KaK ^MO* 

MeBHHa^ B HccjieAyeMOM AHana30He ajihh bojihJhc 
HMeeT MaKCHMyMOB CBeTonorJioiueHHH. - .j? 
ripeABapHTejibHO 6biJia ocymecTBjieHa npoBepKa 

BOCnpOH3BOAHMOCTH MeTOAHKH. B UieCTH nOBTpp- 
HOCTHX AJI« CHCTeMbi aMHAonnpHH — (^eHaueTHH.^OT- 
HocHTeJibHaH ouiH6Ka H3MepeHHH c yneTOM 95.% 
AOBepHTeJibHoro HHTepBajia cocTaBHJia ±1,37 %.j 

Tiq pe3yAbTaTaM onpeAeJieHHH creneHH nepexoA 3 
b pacTBop korvinoHeHTOB H3 o6pa3uoB nocTppeHbi 

KHHetHHeCKHe KpHBbie AJIH BCex COCTaBOB CHCTeM- 
OpODjiHJIH kpHBblX BblXOAa KOMnOHeHTOB H3 KaJKA 0 ^ 
6HHapHpH CHCTeMbi HMeJIH OAHy/c|)opMy. TlpHMeM 
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pHC^3i'/lHarpaMMU miaBKOCTH (a) h cocraB — CKOpOCTb pacrBO- 

peHHjR (6) CHCTeMbI ^eBOMHUeTHH — MOMeBHHa. 

aHaJiorHMHhiMH 6uj\h npp4)HJiH pacxBopeHHH KaK 
HHOxibix cy6cxaHUHH, xaK h cooxBexcxByiomHX 06- 
pa3UOB nJiaBOB h MexaHHMecKHx CMecefi. 

Ghoco6oM npHBcaeHHH k jiHHefiHOMy - BHAy Mexo- 
AonT HaHMeHbWHX KBa^paxoB yqacxKa KpHBbix ao 
Bbix&Aa Ha njiaxo onpeAeJieHa hx HiixeHCHBHOcxb 
HaKJioHa, KO^HMecxBeHHo pxapaKxepH30BaHHan yrvio- 
BbiM ko3(J)(J)HUHeHXOM «6» ypaBHeHHH npHMofi: y=; 
=&k4-a, w y — KcmueHxpauHH nepemeAiuero b 
pacfBop BeuiecxBa (b mkt/ mji) , x — BpeMH (b mhh). 
J5oKa3axeJibCXBOM jikhchhoh 33bhchmocxh h noKa- 
3axejieM >KecxKocxH jihhchhoh cbjbh M«KAy 3Haqe- 

HHHMH KOHUeHXpaUHH KOMnOHeHXOB B paCXBOpe H 

BpeMeHeM pacxBopeHHH HBJinexcH BejiHMHHa K03({)(t)H- 
UHeHxa xoppeJiHUHH «/>, Koxopaa bo Bcex cjiyuayix 
npe^uiuajia. SHaneHHe 0,95. 

Ho 3KcnepHMeHxa^bHbiM AaHHbiM ajih HccneAy- 
eMiix cHCxeM nocxpoeHbi AHarpaMMbi cocxaB — cko- 
pOGTb pacTBopeHHH (cm. pHC. 1—3) , Koxopue HarjiHA- 
Hofbxo6pa>Kaiox B3aHMHoe bjihhhhc KOMnoHertxoB 
Ha%HHexHKy pacxBopeHHH. Tlpn cobmccxhom aHajiH3e 
AHarpaMM nJiaBKOCXH h CKopocxn pacxBopeHHH buhb- 
JieHo, mxo hmghho 3BTeKXHMecKHe cocxaBbi xapaKxe- 
pHaiyioxcH MaKCHMaJibHUM yBejiHneHHeM ckopocxh ne- 
pexoAa b pacxBop <j)opMHpyK>mHx cncxeMy KOMno- 
HefixoB no cpaBHeHHio c aHajiorHHHbiMH napaiwex- 
paMH HCXOAHblX cy6cxaHUHH. 

3>4)(})eKXbi yBeJiHMeHHH cKopocxeA BbixoAa njioxo 
paJx-BopHMbix-KOMnoHeHTOB H3 3BxeKXHHecKHx .cocxa- 
Bqk npHBeAeHbi b. xa6^. 2. 

JHa6^K)AaeMbie 3(J)(t)eKXbi npn oxcyxcxBHH B33Hmo- 

ACHCXBHH KOMnOHeHXOB CMecefi, nO-BHAHMOMy, o6t>hc- 

hhioxch yMeHbiueHHeM cxeneHH KpHcra^JiH^HOCXH h 

C0jilK)6HJIH3HpyK)mHM BJ1HHHHCM BemeCXB. KaK H3- 
BeGXHO, npH OXJia>KAeHHH KOM nOHCHXOB SBXeKXHMe- 
CKOH CMeCH npOHCXOAHX HX OAHOBpeMeHHafl KpHCXaJI- 

JiriaauHH c MaKCHMa^bHOH cxeneHbio AHcnepcHocxH 
TBepAbix (J)a3. B cbok) oMepeAb B03pacxaHHe yAejib- 
hoh noBepxHOCXH cjiy>KHx oahhm H3 c{)aKxopoB no- 
BbjmeHHH ckopocxh pacxBopeHHH. HeMajiOBajKHyio 
pojib Hrpaex (J)aKxop oxcyxcxBHH hjih 3HaMHxejib- 



CKcreMa 


CoCTSB 3BTCICTHKH 

% moji. (% Mac.) ' 


pa. °C 


AMHAOriHpHH — (J>eHaueTHH 


65 (71) 
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35 (29) 




AHecre3HH — hhkothh3mha 


33 (40) 


73 




67 (60) 




JleBOMHUeTHH — MOMeBHHa 


- 50 (84) 


95 




50 (16) 





Horo yMeHbiueHHH arperauHH h arjiOMepauHH MacxHU 
3BxeKxnqecKHx cocxaBOB. BeJiHMHHa 3({)(J)eKX0B pocxa 

CKOpOCXH 33BHCHX XaK>Ke OX pa3HOCXH paCXBOpH- 
MOCXH HCXOAHblX KOMnOHeHXOB CHCXCM. BjIHWHHe CO- 
JIK>6HJIH3HpyK)merO AeHCXBHH KOJIHHeCXBeHHO MO>KHO 

oxapaKxepH30Baxb HHAeKcaMH, onpeAejineMUMH kaK 

OXHOUieHHe BCJIHMHH yiVIOBblX K03(})4)HUHeHX0B HCXOA". 

Hbix KOMnOHeHXOB CMecefi. Rjin moacjih aMHAonH- 
pHH — <j>eHauexHH hhackc paBeH 30, a-hh CHCxeMbi 
aHecxe3HH — h h koxh Ha m ha — 10. MccjieAOBaHHHMH 
npoAeMOHcxpHpOBaH HaH6oJibuiHH 3(|)(})eKx yBeJiHMe- 
hhh CKopocxn pacxBopeHHH ajih na'pw Jie'BOMHlie- 

XHH — MOMeBHHa (CM. Xa6il. 2) C HCnOAb30B3HHeM 

rHAp6({>HJibHoro HocHxeJiH, cnoco6cxByrc»mero CMaMH-. 
BaHHK) noBepxHOCXH KpHCXaJlJIOB. 

To>kAecxBeHHOCxb AHarpaMM cocxaB— CKopocxb 
pacxBopeHHH AHarpaMMaM nJiaBKocxn noATBepjkAa- 
ex xaK>Ke pe3y^bxaxbj HCCJieAOBaHHH ATA, BIIA, 

POA 06 OXCyXCXBHH B3aHMOA6HCXBHH KOMnOHeHXOB 

CHCxeM. Euxe oahhm apryMeHxoM b nojib3y aocxo- 
BepHOCXH nO^yHeHHblX AaHHblX hbjihcxch hachxhm- 
Hpcxb YO-cneKxpoB h yAeJibHbix noKa3axe^efi norjio- 
meHHH pacxBopop KaK c|)H3HMecKHX CMecefi, xaK H 
xa6jiexHpoBaHHbix hx o6pa3UOB, a xaK>Ke njiaBOB 
pnAa COCXaBOB CHCXeM. 

TaKHM o6pa30M, pe3yjibxaxbi HCCJieAOBaHHH noKa- 
3ajiH ueJiecoo6pa3HOCXb npHMeHeHHH mcxoaob ATA, 
BIIA, P<I>A a^h onHcaHHH cbohcxb chcxcm b ue/iOM 

KaK AOCXaXOMHO XOHHblX CnOCo6oB 6bJCXporO BblflC- 
HeHHH COBMeCXHMOCXH HHrpeAHeHXOB B kom6hhhpo- 
BaHHhlX JieKapCTBeHHblX (J)OpMaX, HX CXa6HJlbHOCTH 

npn «xeMnepaxypHbix cxpeccax», mxo oxpa.3HJio 
npeHMymecxBo cncxeMHoro aHaAH3a nepeA npenapa- 

XHBHblMH XHMHMeCKHMH MCXO^aMH. 

OnHcaHHbie KOMn^eKCHbie HCCJieAOBaHHH cncxeM 
npneMaMH h MexoAaMH (J) H3 h ko - x h m h 4 ec Koro aHajiH? 

3a OAH03HaMHO HCKJIIOMHAH BepOHXHOCXb pa3BHXHH 

3(|)(J)eKX0B oS^eMHoro B3aHMOAeficxBHJi npn : xa6jiexH : 

Ta6JiHua 2 

CKOpOCTb paCTBOpeHHfl TpyAHOpaCTBOpHMOrO KOMnOHeHTa H3 

3BTeKTHHecKHX CMeCH h njiaea chctcm ' 
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XpyAHopacTBO- 

pHHbift KOMnO- 
HeHT 


CKOpOCTb 

pacTBOpe- 

HHH HHAH-. 

BHAya^b- 

Horo 
BemecTBa. 

€b> 


Geo p oct b pacT-, 

BOpeHHfl H3 3B- 
TeKTHMeCKOrO 

cociaea. <b» 


npHpOCT CKOpO- 

cth pacTBOpe. 

HHH 


CMeCH 


nJiaBa 


CMCCH 


njiaBa 


Amhaooh- 


<J)eHaueTHH 


1.1 


1.3 


1.7 


1,2 


1,5 


pHH — (|)e- 
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AHecre3HH 
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poBdHHH b >KecTKOH npecc-(|>opMe, HenpeABHAeHHbix 
H3MeH6HHH b cocraBe npenapaTOB. 3a cmct Bhme- 
JieHHH TenJioTH b npouecce ripeccoBaHHfl [1] . 

YcTaHOBJieHa B03MO>KHOCTb npHMeHeHHH n^aBJie- 
hhh b KaMecTBe cnoco6a noAroTOBKH HcaneAyeMux 
jieKapCTBeHHbix CMecefi k Ta6;ieTHpoBaHHK) nyTeM 
nojiyMeHHH hx TOHKOAHcnepcHux CMeceA. CruiaBbi 
. aBTeKTHMecKoro cocraBa o6ecne4HBaK>T HapaAy c 

3THM CTa6HJIH3aUHK> AHCnepCHOrO CQCTOHHHH <J)a3, 

rOMoreHHOCTb cmcch KOMnoHeHTOB h noBhiiiieHHe 

TOM H OCT H A03HpOBaHHH B pe3yAbTaTe tiOJiee -3(j)4)eK- 

THBHoro nepeMeuiHBaHHH HHrpeAHeHTOB b pacanaB- 

JieHHOM COCTOHHHH. 

£aHHbie • 3KcnepHMeHT0B MoryT npeACTaBJiHTb 
npaKTHuecKHH HHTepec h ajih pauHOHajibHoro Tex- 
HOJiorHHecKoro peuieHHH npo6^eMbi [2] 6e3onacHoro 

H3M&nbMeHHH CKJIOHHHX K BOCHJiaMeHeHHIO B pe>KHMe 

MexaHHMecKoro AHcneprHpoBaHHH jieKapCTBeHHux 
BeiuecTB (aHecTe3HH, jicbomhucthh). 

HccjieAOBaHHH HMejiH ue^bio npoAeMOHCTpHpqBaTb 

nOJIHHH(})OpMaTHBHQCTb - HCnOJlb30BaHHH (J)H3HK0-XH- 

MHHecKorOv aHaJiH3a. b peuieHHH pnjxa 6HO<J)apMa- 

UeBTHqeCKHX npoSJieM .KOHCTpyHpOB3HHH MHOrOKOM- 

noHeHTHbix TBep^bix jieKapcTBeHHbix 4>opM. 3Tanbi 
pa6oTbi MoryT n pe act a bji ht b nporpaMiwy noHCKa kom- 

FI03HUHH MeAHUHHCKOrO Ha3Ha4eHHH C 33A3HHblMH 

CBOHCTB3MH Ha ocHOBe aHa.nH3a AHarpaMM COCTOH- 

HHH MHOrOKOMnOHeHTHblX CHCTeM C A0K33 3TCJ1 bCTBOM 

corjiacoBaHHoro H3MeHeHH« cbohctb paBHOBecnux 



(g) KOJ1J1EKTHB ABTOPOB, 1992 
YAK 61 SJ/.J.01 1.17: 579.8 J.0I4.4S* 



. CHereM (b, AaHHOM cjiynae pacTBOpHMOCTH) B 3a . 
bhchmocth ot HX ; cocTaBa. : " .; 

SUMMARY . - 

: * Physicochemical analytical methods were used to examine th e 
following model system: amidopyrine-phenacetm, anesthesia 
nicotinamide, levomycetin-urea. All the three systems Wer 
ascertained to be of eutectic type. The interaction of binary 
system components was analyzed on the kinetic of their transition 
to hydrochloric acid solution having pH 1.2 from mechanic^ 
mixtures and fusion cakes. The liquescency diagram and thesoly. 
bility diagram were constructed for the> systems. The v comp a , 
rison of the diagrams revealed their relationship. The transition 
rate for components to solution was found to be the maximum 
for eutectic compositions. The experimental findings may ^ 
applied to predict the release rate for components of solid 
drug compositions, to modify their composition, to implement 
their process, more rationally. ^ 
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MCriOJlb30BAHME rAMMA-M3HyHEHMJI RJ\9 MMKP0BHOR 
AEK9HTAMHHAUHM HEKAPCTBEHHMX CPEflCTB 

MHCTMTyT 6MO0M3MKH MmH3AP* b * CCCP 



• % 



EIpoBeAeHHhie b CTpaHe h 3a py6e>K6M hccjicao- 
BaHHH noka3ajiH, mto oahhm H3 nepcneKTHBHbix Me- 
fdAOB CHHMceHHH mhkpo6hoh 3arpH3HeHH0CTH jieKap- 
cTBeHHbix' cpe^CTBi BHnyckaeMbJX b HecTepHjibHOM 
BHie, HBJiaeTCH o6jiyMeHHe jieKapcTB, ^eKapcTBeH- 
- Horo CfaipbH* h BcnoMoraTeuabHhix BeiuecTB^ He6oji>- 

1UHMH fl03aMH HOHH3Hf)yi01UHX H3Jiy4eHHH [1, 2\ 
5—8] . riOMHMO BblCOKOH 3(})0>eKTHBHOCtH paAHaitH- 

OHHoro MeTo^a, n p a kthhcckh ueHHO to, mto ero 
Hcno^b30BaHHe ^onycKaer o6pa6oTKy npoayKUHH b 
TpaHcnopTHoA ynaKOBKe, a caM npouecc o6pa6oTKH 
TexHOJiorHqeH . h .-MpWceT . 6biTb noJiHOCTbio MexaHH- 

3HpOB3H H aBTOMaTH3HpOBaH. - * 

: — B*^^H"pa6ofie~*npeACTaBJieHbJ pe3yiibTaTbi .H3y- 
qeHHH 30>4)eKTHBHOCTH CHH^eHHH raMMarH3JiyqeHHeM 
mhkpo6hoh 3arpa3HeHHOCTH jieKapcTB, BbinycKaeMbix 
H h >Ke ropoac k h m xHMHK6-o>apMaueBTHMecKHM 3a- 

BOAOM . " " ' , 

StccnepuMeHTCiAbHaR nacrb 

KaMecTBeHHbifl h KOJiHMecrBeHHbiH cocraB Jieicap- 

CTBCHHbJX Cpe^CTB (CBCHH, M33H, JIHHHMCHTbl, CynnO- 

3HT0pHH, uiapHKH, rejib, Mac^ip) ao o6^yneHHfl h 
noc^e o6iiyMeHHfl raMMa-H3JiyMeHHeM b A03ax 1 h 
5 KFp onpeAeJiHJiH b cootbctctbhh c peKOMeH- 
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AauHHMH, H3Jio>KeHHbiMH b rocyAapcTBeHHOH/opapMa 
Konee XI h3A3hhh b pasaejie «HcnwtaHHe Ha-MHKpo 
6HOJiorHMecKyio qHCTOTy* (Bbin. 2, c. 193-^209) 
B Apyrnx onwTax H3yna^H ar^opeKTHBHocTb o6jiy 
qeHHH b A03ax 1 h 5 Krp JieKapcTBCHHbix n^ena- 

paTOB, 3KCnepHMeHTaJIbH0 KOHTaMHHHpOBaHHblXvCMe- 
UjaHHOH npOH3BOACTBCHHOH MHKpO0>JIOpOH, KOTOpafl 

6biJia npeAcraBJieHa canpoqbHTHbiMH paAHoqyBCTBH- 

TCJIbHblMH H paAHOyCTOHMHBblMH MHKpOOpraHH3MaMH 
(30J10THCTblM CTa(J)HJIOKOKKOM, KHUJCMHOH naJIOMKOH, 
CHHerHOHHOH naJIOHKOH, H KaHAHAaMH) . Be^HMHHbl 
Dio (A03bl H3AyMeHHH, CHH>KaK>IMHe MHCJieHHOCTb 
MHKp00praHH3M0B B 10 pa3) JXJlfl 3THX MHKpOOpr3" 
HH3MOB COCTaBJlHJIH 0,1— 2 ft KTp/ MoAeJIHpOB3^H 
2 npOH3BOACTBCHHbie CHTyaUHH: 1) OTHOCHTeJlbHO 

He6oJibinafl MHKpo6HaH 3arpH3HeHHdcTb Jiekapcra - 
nopHAKa 10 4 MHKpoopraHH3MbB b l r (mji) BemecrBa, 
2) MaccHBHaa 3arpH3HeHHOCTb jienapCTB — ao ypo 0 ' 
HH i o 5 — 1 0 6 MHKpoopraHH3MOB b 1 r (mji) BemeicTBa. 
HcnoJib30BaJiH npenapaTbi, HeaKtHBHbie b othoujchhh 
AaHHbix TecT-MHKpoopraHH3MOB: CBeMH c rHApoKap- 
6oh3tom HaTpHH, Ma3b MeTH^ypsuHJioByio, Ma^pM' 

pOKOpTH30HOByK) H CBeMH C MHUepHHOM. BeiUeCTB3 
CMeilJHB3JlH C MHKpOOpra HH3M3MH, CyCfieHAHpOBaH* 

HbiMH b 1 % pscTBope TBHHa-80. B oribiTsx c npena- 

paT3MH,»f>K0HTaMHHHp0B3HHbIMH He6o^bllJHM K(VlM' 
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Abstract O Phospholipid microemulsions have been suggested as a dnig- 
delivery system for hydrophobic compounds.. In this study hydrophobic^ 
was achieved by derivatizing with cholesterol. Cholesteryl ibuprofen (3) 
and cholesteryl flufenamate (4) were syjtfhesize^ 3 was isolated as an 
amoii^iOMS^^jlB^sdM with a melting range oM 14-120 °C. 4 was 
isolated as .a 'crystalline; white solid with a meltihg rarige.of 145-148 °C. 
The prbpo^^tnictures of 3 and.4 were supported by IFVNMR, MS, * 
ando^^ microanalyas. Phospholipidchble^^ 
were prepared by the addition of a t-propanol solution of the cholesteryl 
ester, other lipids, and phospholipid to a rapidly mixing KCI/KBr solution. 
The hydrophobic phase was modified by the addition of cholesteryl oleate 
or ttotein.to study the effect of the fluidity of, the hydrophobic core on the 
formation of the mkaoemulsions. The resdteittlicated thai a moiar ra&> 
of 75i25(and a total lipid concentration of 60 mg/mL consistently gave 
miooemulsiohs with a mean size of 100-150 nm. In addition, the 

.^formation pf>eutectic mixtures of 3"and 4 with chblesteryl ioleate : were; : 
teterm^ for 3;andM2^{wywf foV 4; -meltii^ points y 

* 1 were 252 arcf45i2 ^ respedively^ ITie solubilities of 3 ind;4 in triolein 
were ^enrnin^ ^ 

. rhvostigatbfs ^;haye^wri that if the core of a pHp^ho'ypid:ehoiesteryi 
estenrtcroemulsidn exfete in a liquid state at ph^ogici temperature; . 

-the turnover of the cholesteryl esters from these microemulsions occurs 

-. at aberrate.. Future studies will focus on the-turnover of cholesteryl 
ester : prodrug fluidized cores on the bioavailability'of this free drug in 

-vivo:r;.v-fc^;^^:'- ■"- ■.- * ■ „ - . 



: : " ; I. Introduction ; 

Lipoproteins and microemulsions have distinct advantages 
for use as drug-delivery systems over liposomes or vesicles. 1 
They have in plasma a higher physical stability than vesicles, 
their,hy;drophpbic internal phase is resistant to leaching, and 
hydrophobic drugs can be solubilized in the internal phase. 
In this, study, two acidic drugs, ibuprofen and flufenamic acid, , 
were made hydrophobic by forming their cholesteryl ester 
derivatives. 

Lipid microemulsions have been defined to have a droplet 
size ranging from 10-250 nm 1 :* and exist in a state between 
a micellar dispersion and a microemulsion. 1 Several methods 
have been described for the preparation of lipid microemul- 
sions; ultrasonication 5 - 7 is the most common. Although this 
method is capable of producing 20-100-nm microemulsions, 
long sonication times (1-12 h) can potentially lead to lipid 
and drug degradation. For this study, a milder technique, 
which has also been used to prepare liposomes, has been 
chosen. Cholesteryl ester and phospholipid are dissolved in 
l-propanol and then added to the aqueous phase with vigorous 
stirring.** Formulation variables that could have an effect 

B Abstract published in Advance ACS Abstracts, April I, 1994. 



on microemulsion particle size and bioavailability of the 
cholesteryl esterprodrugs was also investigated. 

• ■■*.. Reagents-^Mpst reagents . were: used as received * from the * sup-^ 
, piier: acetonitriJe^HPLQ; grade*, chloroform, cholesterol, hexane;; 
methanol 1 (HPLQ-.grade >. potassium chloride, potassium bromide! 
l-propanol, 2-prbpanol, sodium phosphate dibasic,' and tetrahydro^ 
furan (HPLC grade) (Fisher Scientific Co., Pittsburgh, PA); cholesteryl 
oleate, wxniipalmitoylphosphaUdVlcholine, cholesteryl ester hydrolase 
(from porcine pancreas), cholesterol oxidase, flufenamic add, horse- 
radish peroxidase, p-hyd*oxyphenylaretic acid; 4^p^ 
and triolein (Sigirav Chemical Co:,' St. lamiA, Mhyi-;uH»^5^ nwt yi. 
carbodiimide,. polyethylene glycol^ 8000, and sodium, tauxocholate 
( >Udrich£hemicarCp. , Milwaukee, WI ); iDuprbfen^Mallincfaodt, St 
Uuis,MOfas a racemic mixture of 43% i? and 53**'$ as determined 
■; by HPLC r using,the > melKoo* of Berthod 'et ! lJ? 0 ^eth^a^fe''iEA 
Sdence^CKerty Hill, -NJ);*and 0.9% sodium chloride ^ &ectio£USP ,: 
(McGaw Ihetf ittne?. CA)/ Aimydrolis 
. .Scientific,; Pittsburgh, PA). was prepared by d^tiliation over ^cium 
; hydride (MaUieson' Coleman & Bell, East Ruthr ford.NJ) and'used^ 
. inimeQUately;*. 1 . :.;^-r ... •/*.; 1 ' V v^;M^V:.^ 
Column Chrt)matography-The cholesteryl esterlprodrogs were' 
purified using, column ^chromatography. 12 * 13 . Silica, gel (0-r63 /4m, 
Universal ^ientific;.A^ 

length) were' prepared and equilibrated with hexane. A ^hexane - 
solution of the reaction products was applied to the column'and eluted' 
with hexane. -Approximately 10-mL fractions were collected using a*"" 
fraction coUector (FOXY 200 X-Y fraction collector, Isco, Inc., Lincoln, 
NE). The column, effluent was monitored, with a UV detector 
(SpectroMonitor III; Laboratory Data Control, Div. of Milton Roy Co 
River Beach, FL) at 254 nm with the detector output recorded on a* 
chart recorder (Perkin-Elmer Corp., Norwalk, CT). 
. Tb^ley^Cks^ maU tffr ui^iy -ne synthetic reaction was morm 
tored by TLC on silica gel plates (Whatman, silica gel, 60 A, I x 3 in. 
250-*im layer). Plates were developed using 80:20 hexane:ethyi 
acetate (R values: DCC = 0u2, cholesterol = O^K 1 = 0.56, 2 = 
0.28, 3 = 0.77; 4 = 0:78)! 

Eluent fractions from column chromatography were monitored with 
-TLC on silica gel plates (Fisher Scientific, Silica Gel GF, 20 cm'* 20 
cm, 250*mi layer). Plates were stored to form 20 1 -cm-wide channels. 
Plates were developed using 80:20 hexahe:ethy! acetate (Rvalues: 
3 - 0.75, 4 = 0.76) to verify, only one compound was present in each . 
fraction.- , ( .... -. v , . ( .,_ . .. . . 

Melting Points^Two methods were used to determine melting 
ranges: a .capillary melting point apparatus (A, H. Thomas Co.,. . 
Philadelphia, PA) and a differential scanning calorimeter (DSC) (TA 
3000 System with TCia TA processor and DSC20 standard cell 
Mettler Instrument Corp.; Hightstown, NJ). Samples of 10-15 nig 
were weighed into vented DSC pans and scans run from 25 to 200 °C 
at5°C/min. * •"*-•■ * 

Infrared Spectroscopy— Infrared spectra of the reaction products 
were obtained on a FT-IR spectrometer (Model 1600, Perkin -Elmer 
Corp., Norwalk, CT) with a diffuse reflection accessory. Samples were 
triturated with KBr (IR Grade, Fisher Scientific, Pittsburgh, PA) and 
spectra obtained with a 1-min run time (16 scans). 

Nuclear Magnetic Resonance Spectrascopy-NMR analysis of 
the reaction products (10* w/v in chlorofornw/. It v/v TMS) was 
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performed using a Broker 250 Nuclear Magnetic Spectrometer 
(Broker Instruments, Inc.. Billerica, MA). 

Organic Microanalysis-Samples were analyzed < Desert Ana- 
lytics. Tucson, AZ) in duplicate for carbon, hydrogen, and oxygen; 
cholesteryl flufenamate was also analyzed for nitrogen. 

Mass Spectroscopy- Mass spectra were obtained using direct 
insertion probe analysis (Model 5988A mass spectrometer, Hewlett- 
Packard Corp., Avondale, PA). The probe temperature was pro- 
grammed from 80 to 325 °C at 30 °C/min. The instrument was 
scanned from mU 50 to 700. 

KCl/KBr Solution- A KCl/KBr solution with a density of 1.006 
g/mL was prepared by adding 17.55 mL of saturated KBr solution id 
= 1.3706 g/mL) to 1 L of 0.05 M KC1 solution id = 0.9996 g/mL). 

Particle Size Determination-The particle size distribution of 
the microemulsion was determined using laser light scattering (Model 
N4MD submicron particle size analyzer. Coulter Electronics, Hialeah, 
FL) with a 90° detection angle at 25 °C. Samples were diluted with 
deionized water which had been filtered through a 0.2-/<m Puradisc 
25PP polypropylene filter (Whatman, Maidstone; England) to obtain 
a sample intensity, between 1.0. x; 10* and 2.0 x 10 s counts/s. All 
determinations were; run- with a 1000' s* nui time. . 

^^c^*?^^^ 011 " Samples were centrifuged at 37 000 rpm 
(avera^/'relat|ve/-cehtrifugal field = 9W>dCjg; ''range' ~ '57000g to 
1220005ffor;ah;aV5 "Cusmgan^ 

fuge with a type.75Ti fixed angle rotor; Bec^man Instruments. Inc.. 
Palo Alto. CAi. ' ; ' * 

HPLC Analysis-Microemulsions were assayed by HPLC using 
a modification of the method of Lize et a!. 14 Analyses were run with 
a HPLC system consisting of a Series ,400 solvent delivery system, 
LC-75 .spectrophptometric ^ d Norwalk, 
CT>, WW>;m autoina^sampie- injector flfeters Assoc., Milford,- 
MA); and SP^VOvintegrating i^rder (Spei^ : Ph^cs, San Jose. 
CAi/^'ilyses were run u^ihg a mobile phasi consisting of methanol: 
acetoriitrite^ flow rate 

of LQ ^ 

Inc. Wilmirigtonv DEr onto" the column, 

.and 'peal^.were.detected' at a wavelerigUi of '214 nm. -Retention 
yolumes^ere:^ for ;DFTC.' a 10:2 mL "for %*fajj4^ 1 \&mh for 4.; 

Eutt^tic IWGxtu^ 
of cholesteryr ib'upiofeh:cholesteryl oleate (CI:CO ^cholesteryl ibu- 
profen:tridlein (CTTO), chpTeSter^l fl 

CO ). ahd cholesteryl flufenamatertriolein (CF:TO) in weight ratios of 
1030; 20:80, SOTiVQ^SO^Oi^SO/and ?0: loJli prepare; the' binary 
mixtures, solutions of the individual. lipids were prepared in chloro- 
form: ' Aliquots of the chloroform^ ^ test 
tubes and combined to. achieve tti? ^ppropnate weighi raU each 
of the compounds; After evaporation of the chloroform linder a stream 
of ni trogen at 4$ ?C, the lest tub^s were then placed in a 45 °C vacuum 
oven for 24!h.; : Samples were then" weighed into vented DSC pans' 
and placed i in a 3 °C refrigerator for -"a minimum of 24 h before testing.' 

Differential Scanning Calorimetry-DSC studies were con- 
ducted on I5-mg samples using a TA3000 System with a DSC-20 
standard cell (Mettier Instruments Corp., Hightstown, NJ). In order 
to study- transitions below room temperature, the DSC-20 standard 
cell was placed in a 1 .5-cub ft refrigerator (Sanyo Corp., Tokyo, Japan) 
set at a temperature of 3 °C. All determinations were run in 
triplicate.;. Samples were scanned from 5 to 180 °C at 5 °C/min. 

Solubility in Tri^^ of 3 and 4 were deter- 

mined in triolein: A 1-g sample of triolein was weighed into a 4-mb 
screw-cap' vial. After separate excess amounts of 3 and 4 were added 
to the vial, the vials' were allowed to mix on a rotating mixer for 7 
days: Samples. were removed from each vial and filtered through a 
0.8/mi-pplycarbonate Nucleopore filter (Nucleopore Corp., Pleasanton, 
CA) to" remove any undissolved material and weighed into a 5-mL 
volumetric. flask': They were then dissolved in acetonitrile:tetrahy- 
drdfuran (50:50) and assayed for amount of cholesteryl ester by HPLC 
as described above. ^ 

Cholesteryl Ester Synthesis— All giassware was dried in an oven 
at 110 °C for 24 h prior to use. Reagents were weighed into three 
flasKS. The flasks were evacuated; purged with argon 10 times, and 
sealed with a rubber septum. Addition of anhydrous methylene 
chloride and all transfers were performed using a gas-tight syringe. 
In a typical synthesis, cholesterol (3.70 g, 9.6 mmol) was weighed into 
a 50-mL pear-shaped flask and dissolved in 35 mL of anhydrous 
methylene chloride. Dicyctohexylcarbodumide U .86 g, 9.0 mmol) was 
weighed into a 25-mL pear-shaped flask and dissolved in 20 mL of 



anhydrous methylene chloride. A sample of J or 2 i 1 .79 g and J 86 
g, respectively. 8.7 mmol* and 4-pyrrolidinopyridine < 133 me 09 
mmol i were weighed into a 250-mL two-neck round-bottom flask and 
dissolved in 10 mL of anhydrous methylene chloride. 

During the reaction, a positive pressure of argon was maintained 
on the reaction flask by an argon-filled balloon on one neck of the 
flask; the other neck was sealed with a rubber septum. Hie 
cholesterol and the dicydohexylcarbodiimide solutions were succes- 
sively added to the reaction flask and stirred with a magnetic stirrer 
The reaction was then allowed to stir at room temperature under 
argon overnight (typically 18-24 hh 

Immediately after the addition of the dicyclohexylcarbodiim.de 
solution, and periodically throughout the reaction, samples were 
removed with a syringe and spotted onto a 1 x 3 in. TLC plate. The 
reaction was considered complete when no evidence of the cholesterol 
or ibuprofen starting material was evident 
' After allowing the reaction to stir overnight, a white precipitate 
formed which was identified as dicydohexylurea by IR and GC-MS 
, analysis. The, reaction, mixture was filtered .(qualitative P4 filter 
paper, Fisher Scientific, Rttsbur^, PA)>- remove, the precipitated 
. dicyclohexylurea and eyaporated to dryness under vacuum at 45 *C 
: The resulting residue ^ dissolved ml of hexane and filtered 
"a second time to remove any undissoryed material ^ 
„; Cholesteryl esters (3 and .4) were purified ushig r cohimn chroma- 
tography. The filtrate from above was applied to a 2.5 cm diameter 
x 7 cm length silica gel column and eluted with hexane. 3 and 4 
^ere the first compounds to elute from the column as verified by TLC 
on 20 cm x 20 cm silica gel plates.. Fractions <xmtaining 3 or 4 were 
';combineii, and fthe 'hexane was evaporated imder^cuum at 45 °C. . 

For 3, a typical yield was approximately 75£. 3 was recrystallized 
i by cHssblyingjh^a minimuni amountof hot 1-prapanol (boiUng point 
t = 97.6 °C ) aiid^alldwihg to stand undisturbed until cooled to room 
: i ^mpera^:-^e"resuJtmg product was a" ^ 
gwhich ,was then ;filfered under vacu to - 
./panol, and dried:in a vacuum oven at W?C oveini^^ 
^after recrystall^tio^ 
For 4 a typic^jnem^^ 
.-*wasa white crystalline solid: A Epical yield afteKrecrystallikation"' 
; was approximaj^ l££ :f\ 'Zl&^'-t^iX I ' 

: . In Vitro Cholesteryl Esterase Assay-Using the method, of 
Heider and Boyett^the ^hy^ljrees of cholesteryl oleate, ^lesteryl ' 
; palnutete,\and^6k^ 

+■■4. ' ' Cholesteryl • esters' ;Jare l hydrolyzed using ja cholesteryl ester " 
^hydrolase (from ^ porcine, piuicreas). The free cholesterol is oxidized 
\by cholesterol .oxidase,: liberating, H 2 0 2 .; The H 2 0 2 is coupled with 
ft-hydnayphe^laMtic^ action I of 'horseradish peroxidase 
.,^b yield a - chromogen which is detected fluorometrically at - an 
.excitation wavelength of 325 nm and an emission* wavelength of 415' 
' nm. Solutions of each of the cholesteryl esters Were prepared in 
2-proftanol a*~a concentration eqatvafent to appi uxim afeety 25 fi&mL 
of cholesterol. Total cholesterol reagent contained the following: 
sodium phosphate buffer, pH 7.0, 0.05 M; cholesteryl ester hydrolase, 
0.08 IU/mL; cholesterol oxidaseVo.08 IU/mL; horseradish peroxidase, 
30 IU/mL; sodium taurocholate, 5 mM; polyethylene glycol 8000, 0.17 
. mM; and p-hjrdrox^henylacetic ad^ : t ; 

•\ In triplicate, 40r/iL aliquots of the cholesteryl ester solutions were 
. placed in separate test tubes. - To each tube was added 800 /iL of the 
total cholesterol reagent, and the contents were mixed welL The tubes 
•. Were incubated at 37 .°C4 Afterincubation periods of 1,* 18, and 36 h, 
l!6 mLof 0.5 N NaOH was added to each tube/and the contents were 
mixed well. Fluorescence was. determined with an excitation wave-, 
. length of 325 nm and an emission wavelength of 415 tup (Model LS- 
- 5B fluorometric spectrometer, Perkm-Elmer Corp.-, Norwalk,.CT». . 
■_' Microemulsion Preparation— Dipalnutoylphbsphatidylcholine 
(DPPC) and cholesteryl ester.(CE) were dissolved in 1-propanoJ in a 
test tube and heated to 96 "C in a circulating water bath along with 
six test tubes (20 mm x 150 mm) containing a 10-mL aliquot ofKCl/ 
KBr solution, d = 1.006 g/mL. A 400^iL aliquot of the DPPC/CE 
solution was then slowly added dropwise to each of the six KCl/KBr 
solutions while being vortexed. Vortexing was continued for 5 min 
after the addition of the DPPC/CE solution. The size of the resulting 
translucent microemulsion was determined using the Coulter N4MD. 
For a typical microemulsion, with a molar ratio of DPPCrCI 80:20, 
DPPC (150 mg, 0.20 mmol) and 3 (30 mg, 0.05 mmol) were dissolved 
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HjCXHOiOVMjairCH): Table 1-NMR Data for Ctmlnteryl (buprofen 



(3) 




HjCXHCHO^CHjCHfCHh 




r<>H 



(4) 



^a^cholestefyl flutehamate (4). , - > 

in 3 rhL of 1-propanol, and 400-/*L aliquots of the hot DPPC/CI 
solution were added to the hot KCl/KBr solution in each of six test 
tubes. 

,. v . - AAer ,the microemulsions cooled to room temperature, .they, were 
transferred to. 10.4-mL screw cap ultracentrifuge tubes (Nalge Co.," 
Rochester, NY) and centrifuged for 1 h at 37000 rpm. The tubes 
were then carefully removed and the supernatant (fraction 1) was - 
. removed with a Pasteur pipet This fraction contains material with 
4a density of <1 006 g^nL. The pelleted material remaining in. the . 
. .tube .Was ; resiispended in 2.0 mL of. KCl/KBr.rd; =«fc006 $nL; by . ' :• 
-briefly ^ uJ^rasorucating the centrifuge tubes b a water bath: * - j ;-; 

^Forv the ;secbnd iiltracentrinigation; the density of the KCl/KBr 
; sdittiori w*is ectiusted to d = 1.22 g/mL by adding £85 mL' of saturated v 
v KB*, solution to each tube. The microemulaiona were then recentri- - 
fuged for 1 K a^37 000 rpm. The majority of ^hejmi^mulsjon 
floated to the tog of the tube in a gel-like mass. * This material was 
JS^^^.^m^ : ^k^ Pasteur pipet and ^;laltelei;i^ctionL2. ' 
v Fraction 2, which contains material having a density between 1:006 
^d L22 g/mL, was used for all further studies! Pooled rrtfcti6ns;from 
■ ! each of the six tubes were combined and resuspended in 0.9% sodium 
fo ^4^® « fi 11 ^ volume of 10 mL., The'material in the lower . 
; portion of the tube was removed along with 'any other material which 
^had pelleted after the second ultracentrifugation and labeled Fraction 
) 3 * ^r 8 ^ 0 " 3 contains any material with a density >4.22 g/mL. 



III. Results 

Using the method of Patel et al., 12 two cholesteryl ester 
prodrugs, cholesteryl ibuprofen and cholesteryl flufenamate, 
have been synthesized. These two cholesteryl ester prodrugs, 
3 and 4, have not been previously reported in the literature: 
The proposed structures of 3 and 4 from the preceding 
synthesis are shown in Figure 1. Verification of the proposed 
structures was performed using infrared spectroscopy,' proton 
nuclear magnetic spectroscopy, elemental analysis, and mass 
spectroscopy. , ^/ f 

Ibuprofen and Cholesteryl Flufenamate 
CharacterlEation-€holesteryl ibuprofen (30-cholest-5-enyl 
[a-methyl-4-(2-methylpropyl)benzeneacetate) was isolated as 
a waxy white amorphous powder. As die ibuprofen' starting 
material was a racemic mixture, one would expect 3 to be a 
racemic product The optical purity of 3 was not determined. 
The melting range determined with a capillary melting point 
apparatus was 114-120 °C. This wide melting range could 
be due to the racemic nature of the product The peak 
endotherm determined with DSC was 113.7 i 0.1 °C. with a 
Aff of 51.20 ± 2.14 J/g (n = 3). 



Position 


Chemical Shift (ppm) 


Multiplicity 


Integration 


a 


0.66 


singlet 


3H 


b 


0.65-0.92 


doublet of doublets 


15H 


c 


1.00 


singlet 


* 3H 


d 


1.45-1.48 


■ doublet 


3H 


e 


2.43^2.45 


doublet 


3H 




3.60-3.72 


quartet 


1H 




; 4.5S-4.68 


rmdtiplet 

multiplet * . ^ 


. 1H . 




-^C' v/ 5.30-5.40 . ..; 






V7.0fc#Q9. v. 


doublet 




7.1&-7.21 


doublet 


: , 2H 



Cholesteryl flufenamate (3/?-choIest-5-enyl 2-([3-<trifluoro- 
methyljphenyllaniinolbenzoate) was isolated as a white crys- 
^me / soUd.;:T^e melting range determined with a capillary 
melting paint apparatus was.145-148 °C. The peak endot- 
herm determined using DSC was 147.3 ± 0.2,°C, with a AJf 
of 56,2(fcdb 0:40 , J/g (n ,= 3).-* i >■< ^ A' : ^ r i 

The ;^ and .4 were Xdeternuned; : ^Tlie 

spectra show the presence of a strong sha^ peak'chaj^cter- 1 

r istic of the;ester C^G stretch at 1731:5 cm" 1 for 3 and 1676.0 
cm"* for;4r '.The ^ C^jstretch of 4 o«urs at tower waveniimber 

fv •characteristic 'of an ortho^amihb ester. A group of modemtely' 
strong pealcs, at 806;3r83©^6 cm 1 for 3 and 792:9-331^^n- lV: 
for 4, are indicative of the ethylenic C-H bending'bf the A 5 *" 
bond of the cholesterol moiety. 16 In both spectra a strong 

^ group of peaks initheiregion 2800r-3000icm^Vdue^o vthe : - ; 

: ' asymmetric ^d synmetric stretching vibrations of; &e ali- \ : . 

v phatic C p H jbphd^ occur in the same region as for cholesterol; - 
For 4 a - strong sharp! peak at 3307 cm' 1 is characteristic of 
^ he - N-H^^^%a.^ndar^ 
spectra; the O^H>ndstret^ 

between 3220 and 3500 cm' 1 and between 2350 and 3300 air 1 
due to the carboxylic OH of ibuprofen 16 is absent These data 
are consistent with- the formation of 3 and 4. H 

The NMR spectra of 3 and 4 are summarized in tables 1 
and 2, respectively. The 3-aH signal of cholesteryl derivatives 
(at 3.8 ppm in cholesterol) is shifted downfield (at 4.5 ppm 1 
for 3 and 4.75 ppm for 4), proving that the adjacent alcohol 
has been esterified. The NMR spectrum of 3 shows 10 major ' 
groups of peaks which can be attributed to the major peaks 
of both the ibuprofen and cholesterol moieties. The* NMR' 
spectrum of 4 shows 11 major groups of peaks which can be 
attributed to the Gufenamic acid and cholesterol moieties. r : 
7.: Organic microanalysis was performed in duplicate Deter- 
mination of C,H, and O was performed for both. In addition, 
N was determined for 4. The results are s\uTunarize<I ui Table 
3.. The results of the elemental analysis are within 0.05% and 
0.17% of the theoretical values for 3 and 4, respe>tivety/ and ' 
further supports that the reaction products are cholesteryl 
ibuprofen, C40H62O2, and cholesteryl flufenamate, C 41 Hm 
NO2F3. 

The mass spectra of 3 and 4 are summarized in Tables 4* 
and 5, respectively. Weak molecular ion peaks are evident 
at mlz = 574 for 3 and mlz = 649 for 4. This is typical of 
most cholesteryl esters, as they will fragment into the 
cholesterol and acid moieties. For 3 a prominent peak at mlz 
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Tabte 2-NMR Data for Cholesteryl Rufenamste 




Proton 


.Chemical Shift (ppm) 


Multiplicity 


Integration 


a 


0.69 


singlet 


3H 


.-*bl 


. 0.85-0.86 


doublet- 


6H 




. 0.87-0.88 


doublet 


3H 


C v • 


1.07 


singlet ■ 


3H 


•d".,. - 


2.46-2.49 


doublet 


S // *2H • 


. ■ v:ej;.':- 


i ' . .^.4:87-4.97 - ' 


: multiple!"'* 


.*.«.;' • MH 




~*\ ■; 5.42-5:44 


doublet- 


^* ■ 1H * 


: 9v : • 


6.82-6.85 


triplet . r 


- . 1H 


. h 


7.26-7.48 


multiple! 


6H 


[ 


7.99-8.03 


doublet 


1H 


1 


969 


singlet 


1H 



Table 3-Resuite of Organic Sttcroanatysis of Cho!esteryl tbuprofen, 
C<oH6A/aftdXho!esteryl Rufenamate, C 4 iH H NO,F 3 y£ >-.V;v* 

::^^' vl v : Theoietical '■'"'<; ^ 7 83.56: ; *^ 1 10.87^^^/^^ '5.57 : / 
r ^^^ D ^ e - li " eyi> '"^ 83.39 "VV-?- .10.94 '^'ii; "W^^^'5.30' 
■J'i - yV,.;../ ;v, - ;X.\83.58:/V - -10.95^^V V- 5.85 " ' 
^^?i:^^9^: : '^--t 83,49-v : ; 10.94ruv^^^^.;5.57 
4^^'SV ; 'ifeetical^N : *;*\75.^ V 1 '/ • 8.& " ^ 'V ; 2^6 ^4.92 
Vtf ^Determined '76:11- ~ - 8.27 ' ^ : 2.02 " v " ~4.63' " 



*:^:;> W'^.:-->;. ., ; ,>*75.90 ;\ ^ &38.-<-:^1.97 . ,-v:\r 4.96 -* T 
.^'^Avg^^v,; ^76.00,-; ■ *.ffivi£\i^ 



-)*>-"; 






Table 4VM 


iss. Spectral Data for Choiestery 




- - .Mass:. ' 


V; Fragment 1'C ' - 


) ", Relative Atwiidance (%)* 


;574-:- ; 


* : ' MM; - » :'\;..v",T; ' . 




368. 


, CHOL - H 2 0, 


, . -106.0. 


353 


368 -CH 3 


18.8^ 


260 


368-C6H 3 CH 3 -CH - 


188 


255 


368-113 


14.8, 

■ ■'. 4 18.5:. ' - 


247 


368- CtH 3 CH3=CHCH; . 


213 , 


■ 255-CH(CHifCH^ ' 


■'r v» V 13L2* ' 


161 


jBU-COjH . 


/* * ' 59.7 ■ 




1 t113 - 2(CH 3 )" - ?■ 


* >i-.':W-'.;,-13.3;'-\'t ' 


- -71 A - 


■ GH 2 CH3CH(CH 3 ) 2 ■ - 




"57-./ 


V CH,CH(CH 3 ) 2 


' /'43.7r-.- ' 















= 368 resulting from the cholesterol fragment and a strong 
peak- at rnfz = 161 resulting from the ibuprofen fragment give 
strong' evidence" that the reaction .' product , . isl cholesteryl 
ibuproferir* For 4 a prominent peak at ;m/z = 369 \is. present 
resulting from the cholesterol fragment, suggesting a rear- 
rangement-has occurred, and a prominent peak at m/£ = 281 
resulting from the flufenamic acid fragment give strong 
evidence that the reaction product is cholesteryl flufenamate. 

In Vitro. Cholesteryl Esterase Hydrolysis— Table 6 
shows the rates of in vitro enzymatic hydrolysis of 3 and 4 
compared to those of cholesteryl oleate, cholesteryl palmitate, 
and cholesteryl benzoate. The rate of hydrolysis of the two 
cholesteryl ester prodrugs has been shown in vitro to be much 



Table 5-Mass Spectral Oata tor Chotestoyl Rufenimate 



Mass 


Fragment 




649 


M* 


56 


369 


CHOL -OH 


29.7 


353 


CHOL - CH 3 


3.3 


281 


280 H* 


100.0 


263 


281 - H^O 


53.0 


255 


369- 113- H* 


. 5.1 


247 


369-CfiHj<CH 3 )=CH 


107 


235 


236- H* 


8.1 


216 


235 - F 


6i 


213 


255 - CHCHtCH, 


4.6 


166 


235 -CF 3 


4.3 


145 • 


CsH4CF 3 


20.4 


83 


113-2(CHj) 


123 


71 


CHjCHaCH(CHs) 2 


. 10.6 


69 


V CF 3 


24.6 


57 \ . 


CH?CH(CH3) ? 


' 19.1 



>}Tab!e 6Hn Vitro Hydrolysis of Chdlesteryi Esters with Porcine - **■ ?. 
^Pancreatic Cholesterol Esterase * J * v .! 



% Hydrolysis (Mean ± SD, n = 3) 

Cholesteryl Ester Th lib 36h 

> Cholesteryl oleate - 81.2 ± 5.7 ,100.0 ±0.1 - t • 

(>o1ester^'palrnita^e v 100.0 + 0.2 ' - - • H ; ' . - 

Cholesteryl benzoate^. 872 + 0.4 . KKT0±02 

' i Cr«)lester^ibVrofen v :" - -TLTCH^"" ' ■■• i ' , -234'±'ia^\^ipo.p±'ai 

(^olester^flufenamte : TLTQ* • / .217 ±0.6 ' .100.0+02 

;V fTpo*low\to(quarffilate:v^^ - V : -;vv' \^~> <:<' J- 

""fable 7-Particle Size DistnWon of Microemulsions ^ as a Function of ' 
. -;the Molar Ratio of Dip^mftp^phospha^^ 

_ Molar Rat»,DpPC:pi ;i r.<200nm. t 200-1000 nm, ^,. ..^tOQOM.V 

* 80:20^-* r "V" 87.3±-12.3 •= 11.8 ±13.47*; ^' .1:0^2.4 ^ 

'J: '-. ' 75:2j5/- . /94 2 ±-14.3 . : .; 5.8 +.14:3 >^ ^.0^^ .1 

?1 1 ! -TO:^ }V- v v-872±21.0 ^11.5±21.7, :\&±&i.i-'- 

'65:3S '^^\^69.8±'19;1 • 24.5 + 22.5 5.7 ±;12L9 ^ 

(f\ ' SOP intensity results are related to the number o( partides inWsa^ 
r^. '■' ' ..X" - ' ^.^'-^^r^ 

; rslower than the native cholesteryl ester, cholesteryl oleate, 
and cholesteryl palmitate. Complete Hydrolysis of cholesieryl 
palmitate was observed with a 1-h incubation. Complete 
hydrolysis of cholesteryl oleate and cholesteryl benzoate 
. occurred within 18 h. Complete hydrolysis of 3 and 4 was 
not observed until 36 h. . . ' "c ■ - 

Lipid Composition Effects on Particle .Size of the 
-Microemulsion— Maximum cholesteryl ester, prodrugloading 
; / into the microemulsion was 'investigated as ,a function" of 
-increasing particle size distribution. In Table 7, microemul- 
^ions of DPPC:CI..were prepared as described above with' 
. ;DPPC:C1 molar ratios from 80:20 to 65:35. The particle size 
distribution of the resulting microemulsions was determined 
/; :and separated into three groups: <200, 200-1000vand > 1000 • 
: nm. Microemulsions with a mean particle size of 100^150 
y nm were prepared: Microemulsions were prepared in groups - 
-of six <n = 6) and average results of the, particle, size 
distributions are shown. Since it was desired to obtain 
microemulsions with a size in the range of 100-150 nm, the 
population of interest was that with a mean particle size of 
. ; <200 nm. To have a large percentage of particles in the range 
>200 nm was considered detrimental to the formulation. 

The results summarized in Table 7 indicate that as the 
molar percent of dipa! mi toy 1 phosphatidylcholine is reduced 
to 65% there is a significant increase in the percentage of large 
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Table 6— Particle Size Distribution of Mlcroemutstons as a Function of 
the Concentration of Total Lipids in 1-Propanol Solution during 
Preparation 



Total 
Concentration 
of Lipids (mg/mL) 


Percent oi Population* (Mean ± SD. n = 6) 


<200nm 


200-1000 nm 


>1000nm 


30 


86.2 ±157 


13.8 + 157 


0 


60 


87.3 ±12.3 


11.8 ±13.4 


1.0 ±2.4 


SO 


562 ±12.8 


197 ±22.3 


24.2 ±21 .8 


120 


317 + 17.6 


17.8 ±22.5 


50.3 ±27.8 



* SDP intensity results correlated to the number of parttdes in each size range. 

particles ( >200 nm) which are formed (one-way ANOVA, p = 
0.05 level). There is no statistically significant difference in 
the percent of particles in the <200-nm range among the 80: 
20, 75:25, and 70:30 formulations (one-way ANOVA, p = 0.05 
level). Although the 80:20 and 75:25 formulations were not 
statistically different, the microemulsions formed with a ratio 
of 75:25, on average, produced the lowest percent of large 
particles with only one of six trials producing particles in the 
range > 200 nm. 1 On the basis of these results the molar ratio 
of 75% dipalmitoylphosphatidylcholine to 25% cholesteryl 
ester was chosen for use in all future formulations. 

Lipid Concentration Effects on the Particle Size of 
the Microemulsion-Using a molar ratio of 75% dipalmi- 
toylphosphatidylcholine to 25% 3 a second;]experiment was 
conducted to determine what effect increaang the concentnr- 
: Uon of total lipids (DPPC + 3) in the 1-propanol solution had 
. It oh .the particle size distribution of the , microemulsions. In 
..Table 8, as the concentration of lipid is varied from 30 to 120 
mg/mL, the number of small particles formed falls otT rapidly 
: above 60 mgfmL.^ Solutions of DPPC:CI were prepared in 3.0 
> mL I of 1-propanol with total lipid concentrations ranging from 
30 to 120 mg/mL: Microemulsidn preparation and particle ' 
* size distribution determination were as described above. . ; '* 
-~. The results indicate that, as the concentration of the lipids 
in the 1-propanol solution is increased above 60 mg/mL, the 
particle size^of the resulting microemulsions is adversely, 
shifted to^ a^ larger range. While the 30 and 60 mg/mL 
formulations were hot statistically significantly different from 
. one another, the 90 and 120 mg/mL i formulations - had a 
significantly; greater number of large particles ( >200 nm).- 
Although there was on average a smdr'perceritage- (1.0 ± v 
2.4%) of particles in the > 1000 nm range with the 60 mg/mL., 
formulations, it was felt that this would not adversely affect 
the future experiments since filtr *tion through a 0.2y*m filter 
would remove these particles. On the basis of these results, 
a total lipid concentration of 60 mg/mL was chosen for use in 
all future formulations. 

The aqueous phase of the microemulsions was assayed for 
the presence of the cholesteryl ester prodrug to determine if 
any of the cholesteryl ester prodrug had partitioned into the 
aqueous phase/ Microemulsions were ultracentrifuged, and • 
the aqueous phase was removed and assayed by HPLC for \ 
either 3 or 4 as previously described above. In all cases, there 
was no. cholesteryl ester, prodrug detected: in the aqueous - 
phase. ;* T ;., ^.-t.. 

v**SC Studies— DSC studies were conducted to evaluate if. 
a low melting point eutectic mixture could be formed between 
the two cholesteryl ester prodrugs and cholesteryl oleate and 
to determine the, reduction of their melting points with 
triolein. The solubilities of both cholesteryl ester prodrugs 
were determined in triolein. 

Cholesteryl oleate eutectic mixtures with 3 and 4 are shown 
in Figures 2 and 3. Binary mixtures of CI:CO, CF:CO, CI* 
TO, and CF:TO were prepared. The peak DSC endotherms 
for pure cholesteryl ibuprofen and cholesteryl flufenamate 
were determined to be 119.7 ± 0.5 and 148.0 ± 04 °C 
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respectively'. ;??pr. t^fCI:CO amgram, e^rapdjatioa ol^rie" 
liquid-solid^cury'e indicates a eutectic -rom)^tib^|pf.[a^.'' 
proximatel^riJ^cKpie^ ibuprofen and 84% cholesteryl 
oleate with a^mel^^int of 35.2 ± 5\0 °&(n =rl4). Similjwrty 
for 4, the euWUc 

approximately 12% cholesteryl flufenamate and i8%~choles- 
teryl oleate with a melting point of 45.2 ± 1.7 °€ (n = 15). 
The higher variability seen with the CI:CO mixtures may be 
due to the presence of a racemic product which results in a 
broader endoiherro peak of * With the broad peak it is more 
difficult to determine the peak endotherm temperature ac- 
curately. , This is /evident in Figure 3 f where: the eutectic 

. melting point does not appear to be constant (±5.0. ?C). 
Conversely ,'with 4 the endotherm peak is very aoarp, allowing 

: better accuracy in detenninihg the peak temperature/result- 
ing in a lower variabii . iy ( ± 1 .7 °c ) ' 1 V ' 5 ' 

Binary mixtures of the two cholesteryl es * ^[prodrugs with 
triolein > also show a reduction of, the melting point . The 
melting pomt qCS^was reduced - fom- 1 19.7 ±'£5°C (ii = 3) to 
, 85.4 ± 2.0.?C,(n = ,3) at a composition of 30:70; similarly for 
4, a reduction from 147.8.± 0.6 °C (n = 3) to 118.3 ± 2.0 °C 
(n = 3) was observed at a composition of 30:70. At lower 
concentrations of the prodrugs, complete solubility occurred. 
Since triolein has a melting point of I V °C and exists as a 
liquid at physiological temperatures, the solubility of both 
cholesteryl ester, prodrugs was determined in triolein: The 
solubilities of 3 and 4 in triolein were determined to be 13.2 
± 0.2% (w/w) and 11.5 ± 0.3% (w/w), respectively. 
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IV. Discussion 

Several methods for the preparation of cholesteryl esters 
are available. The methods in the literature involve the 
reaction of cholesterol with acid halides, 1 * 18 * 0 reaction of 
cholesterol with acylimida2ole derivatives of fatty acids, 31 
reaction of cholesteryl chloride with acids, 22 and reaction of 
cholesterol with acid anhydrides. 23 The direct reaction of 
cholesterol with a carboxylic acid using the dehydrating 
reagent oUcyclohexylcaj^diimide in the presence of an acy- 
lation catalyst 11 24 was used because of its simplicity and 
reported high yields. The method of Patel 12 gave cholesteryl 
esters of 1 and 2 in reasonable yields. No attempt was made 
to optimize the reactions. The incorporation of other choles- 
terol derivatives into lipoproteins and phospholipid micro- 
emulsions has been carried out in a number of cases. /J-Si- 
tosteryl /?-p-glucopyranosidei a , plant steroid, has been 
incorporated into lipoproteins testudyHts activity against 
P388 leukemia cells. 25 Deforge* et all 2 * incorporated a radio- 
labeled cholesteryl ippanate into low-density lipoprotein (LDL) 
to study the disposition of LDL-associated cholesteryl esters 
in vivo. Similarly, pther cholesterol derivatives including tris^ 
((gaJactos>ioxy)methyl}aminometliane-tenninated cholesterol, 
cholesteryl nitroxide, PCMA cholesteryl oleate, nitrobenzoxa- 
diazole fluorophore derivative of cholesteryl linoleate, and 
sudan cholesteryl oleate have been incorporated into lipopro- 
tein.^ To date, however, there, have been no reports of the 
mcorpoxation of a cholesteryl ester prodru^inio a phospholipid 
microemuision for use as a drug-delivery system. , 

Since cholesteryl esters are hydrophobic they would be 
expected; not to leach out of the core of. the microemuision. 
This is one advantage of microemulsions over vesicles, where 
a hydrophilic compound incorporated in the Core of the vesicle 
may partition into the aqueous media; In addition; the 
cholesteryl "ester: prodrug may ;provide.;a :; means of slowly 
^^VPi'^P^^r^S »n vivo. The m.yitre hydrolysis of 3 
- and 4 was shown to occur at a much lower rate than the native 
cholesterylvesters cholesteryl palmitate and cholesteryl oleate. 
The substrate ^ specificity of pancreatic cholesterol esterase has 
.been studied.. It .has been shown that the binding of substrate 
'*. e (:n<il ® s ^ r ol esterase is a hydrophobic interaction and 
is dependent' on tfie chain, length and degree of unsatura- 
tion; 27 ^ Thejusua 1 ' :ative siitvtrates fer "choiesterol esterase 
are long chain hydrocarbon cholesteryl estere. ; The aromatic 
rihg ofr3;ahd ;4.may have a steric effect preventing and 
reducing the interaction with the binding site of cholesterol 



Two formulation variables were investigated to determine 
their effect-on the particle size distribution of microemul- 
sions: (1) the ratio of phospholipidxholesteryl ester and (2) 
the total concentration of lipids (DPPC and CE) in the 
I-propanol solution. On the basis of the results of this study, 
it was ■determined that : a formulation with a DPPCrCE ratio 
of 75:25 resulted in a microemuision with ; the least percentage 
of particles;in,the;ran^ lipid 
concentration, preparation of the microemuision with a 1-pror 
panol concentration up to 60 mg/mL (DPPC + CE) resulted 
in microemulsions; with the least percentage of larger par- 
ticles. Increasing the concentration of the total lipids in the 
1-propanol solution above 60 mg/mL resulted in the formation 
of a greater percentage of particles in the size range >200 
nmV On the basis of these results, all microemulsions for in 
vivo studies were prepared from an alcoholic solution with a 
total lipid concentration of 60 mg/mL and a DPPC:CE molar 
ratio of 75:25. . .■: : . ■ 

Another strategy for increasing the concentration of the 
lipids in the microemuision would have been to increase the 
volume of 1-propanol solution added to the KCl/KBr solution 
during the preparation. The addition of a larger volume of 



1-propanol would have aflected the density of the KCl/KBr 
solution. It was desired to keep the volume of l-pronanol 
added to the KCl/KBr solution to a minimum. In ^E? 
increasing the percentage of 1-propanol may have changed 
the solubilities of the components in the KCl/KBr. Therefore 
this strategy was not investigated. 

Others in the literature have reported the formation of 
microemulsions with higher percentages of cholesteryl ester, 
but in all cases these investigators were able to prepare the 
microemuision at a temperature above the melting point of 
IL^ft^ Since both 3 and 4 have mdt&Tpointe 
a^ve 100 °C, this is not possible. The KCl^r solution would 
boil off at the melting points of 120 and 148 °C, for 3 and 4 
respectively. The high melting point of the cholesteryl esters' 
and their low aqueous solubility limit the ability to achieve 
microemulsions with a smaller mean particle size Upon 
addition of the 1-propanol solution to the KCl/KBr solution 
the cholesteryl esters would precipitate out of solution. This' 
may result in crystals which cannot be reduce* in size as 

;opposedto a low melting cholesteryl esWw^ 
fluid. This study demonstrates the utility andYeasibilify of 

: incorporating high' melting ciolesteryl ester>roa*um into a > 
phospholipid microemuision. 1 : ■ : ^ • ; ' - ' • 7 

Assay of the aqueous phase of the microemuision after 
ultracentrifugation was performed. No 3 or 4 was detected 
in the aqueous supernate. This demonstrated that the 

'hydrophobic foolesteryl ester;* prodrugs do nA partition out 
of themicroemulsicm. These data demonstrate the benefit of 
forming a tydrophobic cholesteryl ester prodrug for incorpora- 
tion into a phospholipid microemuision. This strategy over- 
comes one of the disadvantages which is bftetf reported for 

^dropttcom wfth~an 

^aqueouscpre-'; ■~'V/.'. ; ^ ~"\ v?' 7 *' > v '*v/^v r^-c ^ 

^er invest^td^ the physical state of 

jan ^^|^|nl^teWiu effect on the activity of : 
Cholesterol es1«rase m; vitro.^ 1 In' particular^ 'they have 1 
^emons^tediffi^^^ 
^emulsion exi^ 

-esterase is ^ter.^3Sutc^ k HBntim of cholesterol oleate with 
^cholesteryl ibuprofen ^ 

^ratios of 84: 16T ( wA*r%) and^«:12 with meltin* pwnts of 35 2 
;:± 5.0 ajid ^.2 ^i ^ 

possibmty. that a i fdrmulatkri mth CI:CO may exrabit a faster 
: hydrolysis of the cholester: I ester than one with CPrCQ due 
/ to a eufectic with a ielting point below t^e ^hysicJdgical ■ 
temperature of 37.5 °C; Tnjlein formulations might also have 
faster Hydrolysis rate since both 3 and 4 are soluble in triolein 
;at 13.2% and 11.5% (w/w), respectively. With the CI:CO, CI: 
TO, and C?:TO formulation is one would expect the core of the 

* microemuision to exist as i liquid at physiological tempera* 
.ture. Future; s^dies will investigate the effect of the core 
composition oh the elimini tion of the cholesteryl ester prbr 
drugs in' vivo. ! ' : \ • - ■ ^ ^ ' : - > ; ' .-. ■*•.•. ... ; . 

TVo cholesteryl ester prodrug have b^n synthesized 
; cnaracterized. ' - The feasibility of formulating 3; and 4" into 
/phospholipid microemulsions has been demonstoted.' The 
microemulsions were optimized with respect to composition 
- and resrilmgpa^ microemulsions will be used 

in future stactf es \to determine, the feasibUity of using a 
.^cholesteryl; esteir proa^g formulated into a phospholipid 

* microemuision for use as a drug-delivery system. 
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RESEARCH PAPER 



Compatibility of Ibuprofen 
and Ethenzamide 

S. Aoki, 1 A. Okamoto, 1 K. Danjo, 2 H, Sunada 2 
and A. Otuka 2 

^Research Laboratory, Taisho Pharmaceutical Co., Ltd., 1-403 Yoshino- 
cho, Ohmiya-shi, Saitama 330, Japan 

2 Facutty of Pharmacy, Meijo University, 150 Yagotoyama, Tempaku-ku, 
Nagoya 468, Japan 

ABSTRACT 

The compatibility of ibuprofen and various drugs was investigated by thermal 
analysis. The results showed a lower melting point with many drugs. The com- 
pound of ibuprofen and ethenzamide was selected for detailed compatibility inves- 
tigation. First, a ratio composition of a eutectic of ibuprofen and ethenzamide was 
estimated. A ratio composition of a eutectic of ibuprofen and ethenzamide of weight 
ratio 3:2 was suggested, and its melting point was approximately 56 °C Further, 
.we investigated crystallization by powder x-ray diffraction. The resulting powder 
x-ray diffraction pattern of the compound that was heat treated was almost the 
same as that of the physical mixture, indicating that the crystalUnity of ibuprofen 
and ethenzamide were not effected by the heat treatment. Next, we investigated the 
chemical stability of ibuprofen, ethenzamide, and a small amount of various ex- 
cipients in capsule form, stored under conditions of 65°, 50°, and 40° C. It was 
established that ibuprofen and ethenzamide are stable. However, it was found that 
there is a remarkable delay of dissolution speed under conditions above 50 C C. 



INTRODUCTION 

Ibuprofen, a nonsteroidal anti-inflammatory drug, has 
been considered effective and safe. Recently, however, 
combination drugs incorporating ibuprofen have been 
developed. For this reason, physical and chemical com- 



patibility studies between ibuprofen and such drugs are 
considered very important. 

Najib (1-3) and Mura (4) reported that the solid dis- 
persion of ibuprofen in polyvinylpyrrolidone or urea 
results in an increase in the in vitro release of the 
ibuprofen. Imai (5) and Acarturk (6) reported the for- 
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mulation of ibuprofen using gelatin. Gordon (7) reported 
on the interaction between ibuprofen and stearates which 
were simple eutectics. While some studies have inves- 
tigated the dissolution and absorption increase, papers 
reporting compatibility studies have been relatively few. 

There have been many compatibility studies based on 
thermal analysis [Botha (9-12), Cotton (13), Signoretti 
(14), Hartauer (15), Gunawan (16)]. However, papers 
reporting the relation between thermal analysis and 
chemical stability are few. 

Considering this, we investigated the compatibility of 
ibuprofen and various other drugs by differential scan- 
ning calorimetry (DSC). We chose a compound of 
ibuprofen and ethenzamide because the mixture melts at 
a very low temperature. We clarified the eutectic com- 
position and investigated the eutectic mixture in regard 
to the crystallization, the dissolution, and the long-term 
stability. 

EXPERIMENTAL 

Materials 

The following substances were used: ibuprofen 
(IBP), acetaminophen, ethenzamide (ETH), carbinoxa- 
mine maleate, anhydrous caffeine, thiamine nitrate, 
chlorpheniramine maleate, ascorbic acid, dextrometh- 
orphan hydrobromide, potassium guaiacolsulfonate, 
noscapine, bisibuthiamine, riboflavin, and bromoval- 
erylurea. All of the substances were of pharmaceutical 
grade. 

For measurement of powder x-ray diffraction, IBP 
and ETH at a weight ratio of 3:2, were used. After 
being melted in the compound, they shattered upon 
cooling. 

We prepared capsules for stability tests. The formu- 
lations are shown in Table 1. 

Table 1 

Formulation Used in the Stability Studies 



Materials Amount (w/w%) 



Ibuprofen 


22.9 


Ethenzamide 


14.6 


Anhydrous caffeine 


8.0 


Bromovaleryiurea 


31.8 


Microcrystalline cellulose 


12.5 


Light anhydrous silicic acid 


1.6 


Magnesium stearate 


1.3 


Talc 


7.3 



Aoki et al. 

Thermal Analysis 

A 1090B Thermal Analyzer (Dupon Co.) and a ther- 
mal analysis system, TAS100 (Rigaku), were used for 
the thermal analysis. Thermograms were obtained by 
heating at a constant rate of 5°C per minute. And in 
case of the compound of IBP and ETH, we calculated 
a quantity of heat up to 60°C. 

Powder X-ray Diffractometry 

The powder X-ray diffraction patterns were obtained 
on a Rigaku Denki Geiger RAD-C, using CuK a radia- 
tion, over a range of 29 = 3°-40° (speed 4°/min) at 
room temperature. 

Stability Studies 

The quantities of IBP and ETH were measured by 
the high-performance liquid chromatography (HPLC) 
method. The samples were stored at 65°, 50°, and 
40°C. 

RESULTS AND DISCUSSION 
DSC of the Compound of IBP and Other Drugs 

In this research, because of the very low melting 
point of the compound, stabilization problems and prob- 
lems associated with the manufacturing process were 
considered likely to occur: The various melting points 
of compounds are shown in Table 2. 

Various drugs were classified on the basis of com- 
patibility with IBP into three types, as mentioned above. 
Drugs of group 1 were made eutectic with IBP, and the 
mixture melting point was about 56°-58°C. These mix- 
tures have been considered to present problems in the 
manufacturing process and the stabilization. The melt- 
ing point of mixture of IBP and drugs of group 2 were 
60°-70°C, and these are probably suitable. Drugs of 
group 3 were compatible with IBP. 

Then, we selected ETH from these drugs and con- 
ducted a further detailed examination of a ratio compo- 
sition of a eutectic compound of IBP and ETH. A ther- 
mal analysis result is shown in Fig. 1. The samples 
consisted of a mixture of IBP and ETH in a weight ratio 
of 1:9-9:1. Gorden (7) suggested that stearic acid, 
stearyl alcohol, calcium stearate, and magnesium stear- 
ate made a simple eutectic with IBP, and estimated a 
ratio composition of the eutectic compound from an 
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Table 2 

Melting Point of Mixture of IBP with Other Drugs 





m.p. (°) 


Mixture m.p. (°) 


Group 


Ibuprofen 


76 






Acetaminophen 


169 


75.9 


3 


Ethenzamide 


129 


55.9 


1 


Carbinoxamine maleate 


119 


58.3 


1 


Chlorpheniramine maleate 


134 


62.7 


2 


Dextromethorphan hydrobromide 


114 


65.8 


2 


Noscapine hydrochloride 


175 


65.9 


2 


Potassium guaiacolsulfonate 


252 


75.6 


3 


Anhydrous caffeine 


236 


70.9 


3 


Thiamine nitrate 


209* 


75.1 


3 


Bisibuthiamine 


151* 


57.0 


1 


Riboflavin 


297* 


75.4 


3 


Ascorbic acid 


193* 


75.1 


3 


Bromovalerylurea 


151 


66.1 


2 



■Temperature of decomposition. 



endothermic phase transition of the compound that fur- 
ther changes the ratio mix of stearates and IBP. We also 
estimated the ratio composition of the eutectic of IBP 
and ETH according to this method. It is shown in Fig. 
2. The ratio composition of a eutectic was suggested to 
be 1 :4, based on Fig. 2. 

However, the results of the thermogram of No. 3 in 
Fig. 1 show a ratio composition different from the ra- 
tio composition of the eutectic. Because of this, there 
was thought to be a problem with the precision of esti- 
mation. We assume that the ratio composition of the 
eutectic forms a thermal analysis result of the sample of 
the ratio composition which is quite different from the 
ratio composition of the eutectic in the method used by 
Gorden (7). 

Due to this problem, we tried to estimate the ratio 
composition of the eutectic using a method which mea- 
sures an endothermic quantity of the eutectic's origin. 
This is, the endothermic peak from each thermogram of 
IBP and ETH up to 60°C is not admitted. Conse- 
quently, we think that a quantity of endotherm of a 
compound up to 60°C is the eutectic's origin. Accord- 
ingly, it is thought that the ratio composition of the 
eutectic have the highest endotherm up to 60°C. 

The relationship between the quantity of endotherm 
up to 60°C and the composition ratio for each com- 
pound is shown in Fig. 3. It was suggested that the 
composition ratio of the eutectic was 3:2 in terms of 



weight ratio from a quantity of heat up to 60°C, and 
that the highest weight ratio was IBP: ETH at 60:40. 

Crystallization or IBP, ETH, and Their 
Compound 

The results of powder x-ray diffraction are shown in 
Fig. 4. The samples were IBP, ETH, and their com- 
pound weight ratio of IBP:ETH = 3:2) and a heat- 
treated sample of the compound. Imai (5) and Acarturk 
(6) reported that the crystallization of IBP produced little 
change, in the case of changing the method of mixing 
for making a compound with low molecular gelatin. The 
diffraction peaks in the compound coincided, which 
added the diffraction peak of IBP to that of ETH. And 
the diffraction pattern of the heat-treated sample was 
almost the same as that of the compound. In the case of 
IBP and ETH, the crystallization of IBP and ETH 
showed no change. 

Stabilization of IBP and ETH 

We investigated the stabilization of IBP and ETH 
using the sample described in Table 1: (i) stored at 
50°C for 2 months; (ii) at 65 °C for 1 month; (iii) and 
at 40°C for 3 months. 

A storage temperature of 65 °C is higher than the 
melting point of the eutectic of IBP and ETH. Conse- 
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IBP + 10% ETH (2), 80% IBP + 20% ETH (3), 70% IBP 2f»n 
+ 30% ETH (4), 60% IBP + 40% ETH (5), 50% IBP + 

50% ETH (6), 40% IBP + 60% ETH (7), 30% IBP + 70% Figure 4. Powder x-ray diffraction of IBP (1), ETH (2), 

ETH (8), 20% IBP + 80% ETH (9), 10% IBP -»- 90% ETH physical mixture IBP: ETH = 3:2 (3), and melted granulation 

(10). ETH (11). of IBP:ETH = 3:2 (4). 
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Table 3 
Stability of IBP and ETH 





65°C, 30 Days 


50°C, 60 Days 


40°C and 75% RH. 180 Days 


©P(%) 


93.0 


99.3 


100.0 


ETH (%) 


99.0 


102.7 


99.2 



quently, it was thought that samples were in the same 
state as that of excipients when dispersion of a melted 
object of the eutectic occurs. 

A storage temperature of 50°C is less than the melt- 
ing point of the eutectic compound. However, the sam- 
ple displayed a semimelted state (an ointment-like state) 
because the temperature was very close to the melting 
point. 

A sample with an inflected outside appearance was 
not admitted at 40°C. 

As a result, we measured a quantity of the sample of 
fflP and ETH (Table 3), including stability on the con- 
dition that we stored it wholly. Even though IBP and 
ETH demonstrated a eutectic form, the chemical stabi- 
lization of their complex showed no change. 
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^ Physical Characteristics and Dissoluti 
of Ketoprofen-urea Solid Dispersions 

By J. A. Rogers and A. J. Anderson 



Summary 

Solid dispersions of ketoprofen-urea were analyzed by 
differential thermal analysis and the thaw-melt tech- 
nique. The phase diagram has shown that this system 
is characterized as a simple eutectic mixture with a 
eutectic composition of 90% ketoprofen and 10% 
urea. Dissolution studies of constant surface pellets 
have indicated an increased dissolution rate for solid 
dispersion formulations compared with pure ketopro- 
fen or physical mixtures of ketoprofen-urea. An 
increase in the pH increased the dissolution rate of all 
formulations by the same factor but an increase in 
temperature increased the dissolution rate of the solid 
dispersions by a smaller factor than for the other two 
formulations. The results are interpreted to suggest 
that particle-size reduction is mainly responsible for 
the higher dissolution rate of the solid-dispersion 
system but a concentration of rapidly dissolving urea 
in the stationary layer may make a minor contribution 
to the dissolution rate. 

Introduction 

The propionic acid group of anti-inflammatory 
agents has gained considerable importance as a 
substitute for the steroids. Being weak acids, their 
solubility and, hence, their dissolution properties are 
expected to vary with the pH of the environment. 
However, at gastric pHs their solubilities are very 
low (less than 0.02%), thus, they are prime candi- 
dates for formulation studies designed to improve 
their dissolution characteristics from solid dosage 
forms. A widely accepted member of this group is 
ketoprofen. 

Among the various approaches to improve the disso- 
lution of drugs [1] the preparation of solid dispersion 
systems has often proven to be very successful [2]. 
Essentially, solid dispersions reduce a drug's particle 
size by increasing the surface area available to the 
dissolution medium. There are various types of solid 
dispersions which can be formed [2] and simple 
eutectics often yield the finest particle size [3J 
although where solid solution formation is possible 
the drug exists in the molecular state in the mixture 
with the carrier. 

The aim of the present study is to demonstrate the 
feasibility of solid dispersion formation of ketoprofen 
using urea as a carrier, report on the physical 
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characteristics of the dispersions formed and to 
evaluate the solid dispersions for their dissolution 
properties. 



Experimental 

Preparation of Solid Dispersions 

Solid dispersions were prepared by the solvent 
method. Ketoprofen 1 and urea 2 were combined at 
various ratios in methanol 3 , stirred and evaporated to 
dryness over gentle heat. The solidified mass was 
subsequently stored in a desiccator until crystalliza- 
tion was complete which in some instances took 
several weeks. The coprecipitate was then finely 
ground, sieved 4 then stored in the desiccator until 
required for use. 

Preparation of Physical Mixtures 

Physical mistures of drug and carrier were prepared ' 
by mechanically mixing the two substances using a 
mortar and pestle. The mixtures were also sieved 4 
prior to use. 

Differential Thermal Analysis (DTA) 

The differential thermal analyzer 5 was calibrated 
using indium 6 , tin 6 , ethyl carbamate 7 and naph- 
thalene'. The weights of reference material (adsorp- 
tion alumina) and sample were 15 mg in all cases. 
Heating rate was set at 10°C/min, the differential 
temperature sensitivity was 0.3°C/in. and the refer- 
ence temperature sensitivity was 13.7°C/in. Heats 
of fusion were determined from the areas under the 
endothermic peaks (planimeter and triangulation 
methods) and the corresponding calibration coeffi- 
cients were obtained from the fusion temperatures 
(taken at the peak of the endothermic event) and the 
calibration curve [4]. Averages of duplicate thermo- 
grams were used for all calculations. 



' Poulenc Ltd., Montreal. 

2 Fisher Scientific Co., N. J.. USA. Certified A.C.S. 

3 Fisher Scientific Co.. N. J., USA, Reagent Grade. 

4 US Standard Sieve. 80 mesh. 

5 Fisher Thermalyzer, Model 370, Fisher Scientific Co., 
Pittsburgh, Penn. 

6 Calorimetric Standards, Fisher Scientific Co., N. J., USA. 

7 BDH Chemical Ltd., Reagent Grade, Poole, England. 

8 BDH Chemical Ltd., Liquid Scintillation Grade, Poole, 
England. 



Phase Diagram 

The thaw-melt technique was employed using the 
Mettler FP-52 furnace melting point method 9 and 
equipped with an automatic temperature-program- 
mable micro furnace. The heating rate was set at 3°C/ 
min and starting about 10°C below the predetermined 
thaw-temperature accurate values of the thaw and 
melt temperatures were recorded. 

Dissolution Rate Studies 

Constant surface area pellets of ketoprofen and 
ketoprofen-urea solid dispersions or physical mix- 
tures at the eutectic composition were formed by 
compression of a fixed weight of material at 27.6 MN/ 
nr in a 1.59 cm circular punch and die 10 . The pellets 
were gently dusted, weighed and stored in a desic- 
cator until ready for use. 

A USP dissolution apparatus" was used. Pellets were 
placed in the baskets and lowered to a depth of 5.0 
cm from the bottom of the dissolution vessel. The 
baskets were rotated at a constant speed of 50 ± 1 
r.p.m. Studies were conducted in 600 ml of HC1 
acidified water at pH 2.0 or pH 5.0 and at 27 or 37°C. 
Aliquots of 5.0 ml were removed periodically and 
assayed spectrophotometrically 12 at 255 nm after 
which the sample was returned to the dissolution 
vessel. Concentrations of ketoprofen in solution were 
determined from a calibration curve. 

Solubility Studies 

The solubilities of ketoprofen were determined at pH 
2.0 at 25 and 37°C in HC1 acidified water or urea 
solutions. Excess drug was added to the aqueous 
phase in screw-capped vials, placed in a shaker 
water-bath u and equilibrated over a 24-hour period. 
Subsequently, supernatant was filtered" then diluted 
and assayed spectrophotometrically 12 . Molar sol- 
ubilities, determined in triplicate and averaged, were 
obtained from a previously prepared calibration 
curve. 

Results 

The DTA thermograms of ketoprofen-urea solid 
dispersions and pure ketoprofen are depicted in 
Figure 1. The thermograms are characterized by two 
endothermic peaks over the range of 10-70% keto- 



Figure 1 

Differential thermograms of solid dispersions of 
ketoprofen-urea and pure ketoprofen 
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Table 1 

Heats of fusion and fusion temperatures of 
ketoprofen-urea solid dispersions 





Ketoprofen 




Fusion 




composition 




temp. 


v Mettler Instrument Corp.. Box 100. Princeton. N. J.. USA. 
,u Fred S. Carver. Inc.. Summit. N. J.. USA. 




(cal/g) 


(°C) 


10 


1.07 


60.0 


11 H. G. Kalish Co. Ltd.. Montreal. 


20 


2.69 


61.3 


12 Beckmann Model DU Spectrophotometer. Anaheim, Ca., 


50 


8.73 


59.3 


USA. 


60 


10.36 


62.2 


13 Dubnoff Metabolic Shaker, Precision Scientific, Chicago. III.. 


70 


12.60 


65.0 


USA. 


90 


17.70 


69.0 


u Mi Hi pore Swinney Filter Adapter. 0.45-p.m filter pad, Bedford. 


100 


25.08 


96.0 


Mass.. USA. 









profen corresponding to a ketoprofen-rich composi- 
tion and a urea peak, respectively. The endotherms 
for urea gradually shift to lower temperatures as the 
urea content of the solid dispersion diminishes and at 
10% urea its endotherm vanishes. At 95% ketopro- 
fen and 5 % urea (not shown) the single endothermic 
peak displayed a shoulder suggesting superposition 
of two peaks. 

Heats of fusion (AH F ) and fusion temperatures for 
some of the compositions are given in Table 1. A 
linear increase in AH F \s observed from 10% to 70% 
ketoprofen whereas a nonlinear rapid increase in 
A// f is found between 70 and 100% ketoprofen. At 
the same time, the fusion temperature undergoes 
only a slight increase, even up to 90% ketoprofen. A 
comparison of the physical properties of pure urea 
(AH F = 49.10 cal/g, m.p. = 137° C [5]) with those of 
pure ketoprofen (Table 1) indicates that only slight 
contamination of one by the other considerably 
diminishes the energy states of the solids. 
The eutectic composition of ketoprofen-urea solid 
dispersion was found from both DTA and the 
melting point method to be 90% ketoprofen and 
10% urea. The phase diagram for ketoprofen-urea 
compositions is shown in Figure 2 and is typical of a 
simple eutectic mixture [6, 7]. At 95% ketoprofen 
the sample started to melt at a temperature higher 
than the eutectic temperature which indicates, 



together with the DTA results, the existence of solid 
solution formation. 

Dissolution data for constant surface non-disintegrat- 
ing pellets are plotted in Figure 3 for solid dispersions 
at two pH values and at two temperatures. The 
curves are linear over the range with a correlation 
coefficient of 0.997 or higher in all plots. Results of 
the dissolution of pellets of physical mixtures of 
ketoprofen and urea and pure ketoprofen also pro- 
duced similar linear relationships. Apparent and 
intrinsic dissolution rate constants were calculated 
from 




(i) 



where the slope of a plot of the fraction of ketoprofen 
dissolved, F„ against time, t 9 yields the apparent 
dissolution rate constant, k app = KfilV where is the 
intrinsic dissolution rate constant, S is the surface 
area of the pellet and V is the volume of dissolution 
medium. Comparisons of the dissolution rate data 
are shown in Table 2 where it can be seen that solid 
dispersions of ketoprofen-urea give an increased 
dissolution rate over pure ketoprofen or physical 
mixtures of ketoprofen and urea. As expected for a 
weak acid drug, an increase in the dissolution rate 
occurs with an increase in pH or temperature. It is 
also clearly seen from the energetics of the dissolu- 



Figure 2 

Phase diagram of (he binary system of ketoprofen-urea 



160 




tion process (Table 3) that solid dispersions of 
ketoprofen-urea exist in a lower energy state than do 
the other forms of ketoprofen. Overall, solid disper- 
sions yield a 60-% increase in the dissolution rate of 
ketoprofen at pH 2.0 and a 68-% increase at pH 5.0 
at 27°C, and a 21-% increase at pH 2.0 and a 27-% 
increase at pH 5.0 at 37°C. 

Solubilities of ketoprofen in urea solutions were 
determined in order to gain an understanding of the 
role that solubility plays in the increased dissolution 
of ketoprofen in ketoprofen-urea solid dispersions. 
The solubility at pH 2.0 as shown in Figure 4 
increases linearly at 25 and at 37 °C up to approxi- 
mately 1.7 moles/1 (10%) urea. The stability con- 
stants (K A ) of a 1:1 complex between ketoprofen and 
urea [8] and the approximate energetics of the 
interaction at pH 2.0 are given in Table 4. The results 

Figure 3 

Dissolution of constant surface non-disintegrating 

pellets of 90% ketoprofen 1 10% urea solid 
dispersions as a function of temperature and pH 
O = pH2.0, 27°C; A = pH5.0, 27°C; 
% = pH2.0, 37°C; A = pH5.0, 37°C 
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indicate that the solution process is not spontaneous, 
is governed by the enthalpy which is positive and is 
accompanied by a positive entropy. This suggests 
that solubility is achieved in urea solutions primarily 
through a water-structure disordering occurrence. 
Such a mechanism has frequently been discussed by 
others [9, 10] and although values of K A can be 
calculated for ketoprofen-urea systems it would 
appear that complexation plays only a minor role in 
the promotion of increased solubility of ketoprofen 
under the present conditions. 

Discussion 

The solid-dispersion system of ketoprofen-urea is 
characteristic of a simple eutectic mixture and over 
the range of compositions exhibits minimal solid- 
solution formation, essentially occurring above 90% 
and below 10% ketoprofen. Thus, the most useful 
composition which would lead to improved dissolu- 
tion of ketoprofen is the eutectic composition which 
occurs at 90% ketoprofen and 10% urea at an 
eutectic temperature of 63 °C. Such a content of drug 
in the solid dispersion may not yield the ultrafine 
particles which are claimed to be produced at the 
eutectic composition [3] and provide increased dissol- 
ution rates [2]. A test of this eventuality is afforded 
by the dissolution data shown in Table 2, 



Table 2 

Dissolution of ketoprofen and ketoprofen-urea 
eutectic composition 1 in water as a function ofpH and 
temperature 




Apparent dissolution 


Intrinsic dissolution 


Composition 


rate constant. fc app 


rate constant), K { 




(min" 1 ■ 10 3 ) 


(m 17 min - cm 2 ) 




27 °C, pH = 2.0 




Ketoprofen 


6.01 


0.74 


Physical mixture 


6.05 


0.74 


Solid dispersion 


9.62 


1.20 




27 °C, P H = 5.0 




Ketoprofen 


11.01 


1.35 


Physical mixture 


11.20 


1.38 


Solid dispersion 


18.65 


2.32 




37 °C, pH = 2.0 




Ketoprofen 


13.60 


1.67 


Physical mixture 


14.01 


1.72 


Solid dispersion 


16.68 


2.08 




37 °C pH = 5.0 




Ketoprofen 


19.27 


2.37 


Physical mixture 


19.97 


2.46 


Solid dispersion 


24.92 


3.10 



1 90% ketoprofen. 10% urea 



The dissolution rate of a weak acid drug is influenced 
by several factors as described in an equation 
developed by Nernst and Brunner [11] and written in 
the form [12] 
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dQ DS\ K.' 1 



(2) 



where Q is the amount of drug dissolved, t is time, D 
is the diffusion coefficient of the drug in the Gl-tract 
fluids, 5 is the effective surface area of the particles, 
h is the thickness of the stationary layer of solvent 
adjacent to the particle surface, C s is the solubility of 
the drug in the stationary layer (A), C g is the 
concentration of drug in the bulk fluids of the GI 
tract and K a and [H + ] are the dissociation constant of 
the drug and hydrogen ion concentration, respec- 
tively. Thus, the higher the pH of the medium, the 
greater is C s due to ionization of the drug and the 
greater the dissolution rate. Evidence of this is 
apparent in Table 2 for all three ketoprofen formula- 
tions. 

The dissolution rate may be altered by a temperature 
change as well as through any one of the parameters 
of eqation (2). The results in Table 2 show how an 
increase in the temperature increases the dissolution 
rate. It is noted that the increase in the dissolution 
rate of the solid dispersion with temperature is not as 
great as for pure ketoprofen or its physical mixture 
with urea at either pH 2.0 or pH 5.0. For example the 
ratio of K s of 3.10/2.32 = 1.3 for the solid dispersion 
whereas the corresponding ratio for the pure drug or 
the phyical mixture is 1.8 at pH 5.0. On the other 
hand, an increase in the pH of the medium increases 
K; to the same degree for all three formulations. Both 
urea concentration and temperature increase have 



the effect of breaking water structure arid therein 
creating a more energetically favorable environment 
for hydrophobic solutes. An increase in solubility of 
ketoprofen is realized in each case as demonstrated 
in Figure 4. Both of these parameters affect the 
dissolution rate through C s according to equation (2). 

Table 3 

Dissolution activation energies (kcallmole) of 
ketoprofen formulations 



PH 


Ketoprofen 


Physical mixture 1 


Solid dispersion 1 


2.0 


15.0 


15.6 


10.2 


5.0 


10.4 


10.7 


5.4 



butectic composition: 90% ketoprofen / 10% ur 
Activation energies (AH a ) were calculated from 

*,<7V) _ Af/. I" 7Wi1 
R |_r,7ij 



In 



Table 4 

Energetics of the solution properties of ketoprofen in 
urea solutions at pH 2.0 



Temperature 






AC 


A// 


TAS 


(°C) 


Slope 




(cal/mole) 


(cal/mole) 


(cal/mole) 


25 


2.15- lO" 4 


0.53 


376 


511 


135 


37 


3.82 ■ 10- 4 


0.55 


370 


511 


141 



'1:1 complex association constant, K A - slope/intercept • (1-slope) 
(8) where slope and intercept are obtained from Figure 4. 
Thermodynamic quantities were determined from standard equa- 
tions. 



Figure 4 

Solubility of ketoprofen in aqueous urea solution acidified with HCl to pH2.0. 
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The fact that K { for pure ketoprofen and its physical 
mixture is virtually identical indicates that an 
increase in C s due to urea is negligible as far as 
dissolution is concerned. Extending this argument to 
the solid-dispersion system, the higher dissolution 
rates found are probably not due to a significant 
increase in C 5 by rapidly dissolving urea from the 
matrix of the particles which then dissolves ketopro- 
fen but rather due to the finer particle size according 
to the Kelvin equation [12], 

c — c < exp [^] (3) 

where y is the interfacial tension between the solid 
particles and the surrounding fluid, M is the molecu- 
lar weight of the drug, r is the particle size, q is the 
density of the particle, R ist the gas constant and T is 
the absolute temperature. As the particle size is 
reduced to an ultrafine state the solubility in the 
aqueous stationary layer increases. The increase in 
concentration of urea in the stationary layer is not 
expected to alter the y at the solid-liquid interface 
although a slight increase in y at interfaces in contact 
with 1-5 M urea solution has been reported [13]. It is 
further noted from equation (3) that an increase in 
temperature is predicted to diminish the influence of 
the fine particle size on the dissolution rate. Thus, 
the smaller increase in K t with temperature as seen 
for the solid-dispersion formulation can be explained 
by the Kelvin equation. 

On the basis of the above discussion it can be 
concluded that solid dispersions of ketoprofen-urea 
result in increased dissolution of ketoprofen by virtue 
of reduction in particle size. This should lead to 
improved peak plasma levels of ketoprofen after oral 
administration and also reduce the rest time of the 



tablet formulation in the GI tract. Furthermore, the 
high content of ketoprofen at the eutectic composi- 
tion permits the tablet size to remain small, a factor 
considered important for patient compliance and 
acceptance. 
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Summary. — Solid dispersions of Ibuprofen in urea were prepared 
by the solvent method. These dispersions were characterized using differential 
thermal analysis and X-ray diffraction. The system proved to be a simple 
eutectic mixture with eutectic composition of 90% Ibuprofen and 10% urea. 
In comparison with the drug alone, the physical mixtures and even more 
the solid dispersions showed a marked increase in the dissolution rate. The 
importance of the solubitizmg effect of urea in the enhancement of drug 
dissolution was also evaluated. 

Riassunto. — Dispersioni solide di Ibuprofen in urea, ottenute col 
metodo del solvents, sono state caratterizzate tramite analisi termica diffe- 
renziale e analisi di diffrazione a raggi X. II sistema Ibuprofen-urea e risultato 
essere una semplice miscela eutettica, il cui punto eutettico & al 90% di 
Ibuprofen e 10% di urea. £ stato osservaio un marcato aumento delta velodta 
di dissolutions delle mescolanze fisiche ed ancor piu delle dispersioni solide 
rispetto al farmaco da solo. E stata anche valutata Vimportanza dell'effetto 
solubilizzante delVurea nelVaumento di dissoluzione dell'lbuprofen. 



Introduction 

Ibuprofen [2-{4-isobutylphenyl)propionic acid] is an analgesic with 
minor antiinflammatory properties, employed as a substitute of the 
steroids. Its very slight solubility in water and its low dissolution rate 
may lead to incomplete and erratic gastrointestinal absorption (1). 

It is well established that dissolution is frequently the rate-limiting 
step in the gastrointestinal absorption of a drug from a solid dosage form. 

Since the dissolution rate is directly proportional to the surface area 
exposed to dissolution, it is possible to increase this rate by decreasing 
the particle size of the drug. 
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Among the various approaches to achieve parade size teducjon 
the uTofsolid dispersions in a water soluble earner, first proposed by 
Sekiguchi and Obi (2). has often proved to be very ^successful (3). 

The enhancement of drug dissolution rate by solid disperses has 
been attributed to the state of fine subdivision of crystalline parades 

-ports on *e solubilizing effects of carriers 
(such as urea), also the study of the solubility into solution o [ earners 
appeared of some interest in order to evaluate the role of solubilization 
in the enhancement of drug dissolution Tate. 

The aim of the present work is to investigate the possibility ^of 
improving the dissolution rate of Ibuprofen via 

using urea as a carrier, and to evaluate the role of solubilization 
in the enhancement of Ibuprofen dissolution by urea. 

Experimental 

Materials 

Ibuprofen (Sigma Chemical Co.) and urea (Merck) were used as obtained 
from the supplier. Methanol was analytical grade. 

Preparation of solid dispersions 

Solid dispersions were prepared by the solvent method. Cpprecipitates 
of IbuprofeTand urea in different ratios were prepared by dissolving the 
compKts in the minimum amount of methanol followed by evaporauon of 
ZTSZ* in vacuo at room temperature. The residue was finely ground 
Seved to a particle sue range of 75-150 um and stored m a desiccator. 

Preparation of physical mixtures 

Physical mixtures were prepared by simple mixing of the two ingredients 
pcJSv&t same particle size range (75-150 m), in various proportions. 
Purecrystalline Ibuprofen (75-150 um) served as control sample. 

Differential thermal analysis 

The differential thermal analyzer (Mettler TA 2000) was calibrated using 
indium All samples were run from 27 to 150* ax a scanning rate of 4 /mm. 
Ken washed as purge gas at 18 ml/min. Sensitivity was 200 uV/f.*., 
chart speed was 1 cm/min. 

X-ray diffraction 

AM X-ray diffraction spectra (Philips PW1130 diffractometer) were 
obtained by scanning at ?/mw> in terms of a 2 e angle. 
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Dissolution rate studies 

The dissolution rate of Ibuprofen from solid dispersions and physical 
mixtures with urea was determined at 37*0.1°. 

The dissolution apparatus was similar to that employed by Levy and 
Hayes (4). A 400 ml beaker containing 300 ml of distilled water, 
maintained at 57±0,T and agitated at 100 r-p-ui. by a glass stirrer blade 
connected to a constant-speed stirring motor, was used. At suitable time 
intervals a 3.0 ml sample was withdrawn, filtered by means of a filter-syringe 
(pore size 0.45 \xm) and determined by second derivative ultraviolet spectro- 
metry at 264 nm. 

This technique is particularly useful in pharmaceutical analysis to assay 
drugs with low absorptivity values (3). 

Spectral measurements were made with a Pcrkin Elmer Mod. 552S 
spectrometer. The second derivative spectra were recorded using the 
following instrumental parameters: scan speed 120 nm/min; chart speed 
60 mm/min; response time 0.5 sec; recorder range ±0.05. 



Solubility studies 

Excess drug was added to 50 ml of water or aqueous solutions of 
different urea concentrations. The solutions in stoppered glass tubes were 
continuously shaked in a water bath at 20*0.1° and 37±0.r for 24 hours. 
Samples were withdrawn and filtered through a millipore filter (pore size 
0.45 wn) and then submitted to 264 nm second derivative spectrophotometry. 



Results and discussion 
Differential termal analysis 

The D.T-A, thermograms of I buprof en-urea solid dispersions and pure 
Ibuprofen are reported in Fig. 1. 

The thermograms are characterized by two endothermic peaks over the 
range 10-S0% Ibuprofen, corresponding to the eclectic composition and to 
the urea melting peak respectively. The endotherms for urea gradually 
shift to lower temperatures as the urea content of the solid dispersion 
diminishes and at 10% urea, the corresponding endothenn vanishes. At 
98% Ibuprofen the endothermic melting peak of Ibuprofen appears. 

Phase diagram 

The phase diagram for Ibuprofen-urea compositions, constructed by 
means of the DTA data, is shown in Fig. 2 and is typical of a simple 
eutectic mixture. 

The eutectic composition was found to be 90% Ibuprofen and 10% urea. 
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Fig. 1 

DTA thermograms of Ibuprofen-urea system, 
u inn*, Urea- 2) 10% Ibuprofai; 3) 50% Ibuprofen; 4) 60% Ibuprofen; 
5) iTlta^to! 6) 90% lE& 7) 98% Ibuprofen; 8) 100% Ibuprofen. 



Ibupt 
Urea 



A'-rtf)' diftra* 

The X-2 
spectra of tr 
shown in Fi; 

Spectra 
have same c 

X-ray d 
be described 

The pr 
solid dispen 
an cuiectic 

The he 
from the p 
solubility. 

Interaction 

Equilil 
to detennii 
aqueous so' 
interaction 
when urea 

The s 
linear com 
(P<0.001). 



MRR-21-2001 13:49 



Linda Hall Library 



816 926 8785 P. 



id. Pr. -vol. 41-fasc, 12 Solid dispersions op iduprofen in urea. Effects of urea, etc. 581 





1 

130 






130 












120 






120 




y 110 






11C 


1 


g 100 

"i i 90 

1 80 


\r 




100 
90 

ao 




70 






70 


2 


60 






60 




30 


— 1 — 1 — 1 \ « 




so 



10 



IbuprofenlOO 90 80 70 60 50 40 3q 20 
U«a o 10 20 3 o 40 50 60 70 80 90 100 

COMPOSITION (xw/w) 
Fig. 2 

Phase diatom of the binary system ibuprof en-urea. 
X-ray diffraction 

The X-ray diffraction spectra of the pure urea and pure Ibuprofen, and 
spectra of the solid dispersion and physical mixture of 10% Ibuprofen are 
shown in Fig. 5. 

Spectra indicate that the Ibuprofen and urea in the solid dispersion 
have same crystalline form as that of the pure compounds. 

X-ray diffraction data also show that the IbuprofeiMirea system should 
be described as a simple eutectic mixture, as found by DTA studies. 

The presence of the typical X-ray diffraction peaks of Ibuprofen in the 
solid dispersion clearly indicates that the sample is not a solid solution but 
an eutectic mixture. 

The height of these peaks, which are comparable with those obtained 
from the physical mixture, also indicates the negligibility of solid-solid 
solubility. 



4) 60% Ibuprofen; 
8) 100% Ibuprofen. 



Interaction in water 

Equilibrium solubility experiments were conducted at two temperatures 
to determine the extent of interaction between Ibuprofen and urea in 
aqueous solunons. Fig. 4 shows ihat urea interacts with Ibuprofen: this 
interaction is evident from the linear increase in the solubility of Ibuprofen 
when urea concentration increases. 

The straight lines were obtained by the method of least squares; the 
linear correlation coefficient was O.9978 at 20° (P<0.001) and 0.9974 at 5T 
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Fig. 4 

Solubility of Ibuprofen m aqueous urea solutions. 



The stability constant (K) of a 1:1 complex between Ibuprofen and 
urea and the approximate energetics of the interaction are given in Table I. 



Table i 

Thermodynamic parameters of Ibuprofen-urea system. 



Temperature 


K 


AG 
kf/male 


AH 
Kf/raolc 


AS 

J /mole * gnulo 


20 




—5.555 


26.354 


10138 


37 


7.17 


—5.073 


26354 


10138 



(CI solid dispersion 
rt. Arrows indicate 
iristcdlites. 



The constant K s= slope/intercept * (1-slope) (6), was obtained from 
equations data of the straight lines of Fig. 4. The thermodynamic quantities 
were determined from standard equations. 
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The AG and AS values, respectively negative and positive, indicate a 
spontaneous process. Similar negative AG values were reported by other 
authors (7-9) who have soJubilized non-polar solutes in urea solutions. The 
positive entropy and enthalpy changes are in accordance with the theory 
that the enhancement of dissolution of hydrophobic compounds in the 
aqueous urea solutions is accomplished by breaking of the water structure 
by urea (9, 10). 

The increase in entropy obtained by this * disruption* makes the 
association of nonpolar molecules by hydrophobic bonding thermodyna- 
mically less favorable. 

The increase of both urea concentration and temperature results in the 
increase of such breaking of water structure and creates an energetically 
more favorable environment for hydrophobic solutes. 

Nevertheless the K values for the Ibuprofer>urea system show that also 
complexation plays a role in the promotion of increased solubility of Ibuprofen 
under the present conditions. 

Dissolution rate studies 

Fig* 5 and Table II summarize the enhanced dissolution rates obtained 
from the Ibuprofeivurea physical mixtures and coprecipitates. 



A- SOLID DISPERSION 
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Fig. 5 

Dissolution rates of Ibuprofen*urea solid dispersions (A) and corresponding physical 

mixtures (£). 
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Table II 

Dissolution studies of Ibuprofen from solid dispersions and physical mixtures 

with urea* 



Samples 


Amounts dissolved 
(jig/ml) 


Relative dissolution 
rate 


2 min 


5 min 


40 min 


2 min 


5 mm 


40 min 


A -Pure drug 


330 


7.80 


19.00 


1.00 


1.00 


1.00 


B -Solid dispersion 
50% Ibuprofen 


1125 


15*26 


264)0 


321 


130 


U7 


B'-Physical mixture 
50% Ibuprofen 


9.73 


13.49 


23,10 


278 


1.73 


122 


C -Solid dispersion 
40% Ibuprofen 


13.40 


17.10 


28.60 


3.83 


2.19 


130 


C-Pbysical mixmre 
40% Ibuprofen 


10.04 


14.44 


25.10 


2.86 


1.85 


133 


O -Solid dispersion 
20% Ibuprofen 


15.00 


18J2 


29,45 


428 


2.41 


1.55 


D'-Physical mixture 
20% Ibuprofen 


12.30 


16,65 


26.70 


332 


2.13 


1.40 


E -Solid dispersion 
10% Ibuprofen 


23,17 


2520 


3320 


6.62 


323 


1.75 


E'-Physical mixture 
10% Tbuprofen 


13.15 


17.00 


27 JO 


3.76 


2.18 


1.45 



responding physical 



Relative dissolution rate data were calculated by evaluating the amount 
of Ibuprofen dissolved from various preparations at 2.5, and 40 min, and 
dividing it by the amount of the drug dissolved from the pure crystalline 
sample at the same time intervals. 
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The coprecipitate at the cutectic composition (not shown), displayed 
the same dissolution characteristics as the pure Ibuprofcn. 

Significant increase in dissolution for solid dispersions and physical 
mixtures has been found only when the per cent of urea was equal to or 
higher than, 50% w/v. 

The solid dispersions were found to dissolve slightly faster than their 
respective physical mixtures. 

This suggests that the enhancement of Ibuprofen dissolution is achieved 
primarily through a solubilization effect by the carrier in the microenvi- 
ronment immediately surrounding rhe drug panicle in the early stage of 
dissolution; that is urea increases the solubility of Ibuprofen in the diffusion 
layer, thereby increasing its dissolution rate. 

The significance of solid dispersions formation can be shown by 
comparing the relative dissolution rates obtained for various samples at 
short times. 

In particular the sample "E" (solid dispersion containing 10% of the 
drug) at 2 min dissolved 6.62 times faster than the crystalline Ibuprofen. It 
is not possible to attribute such an increase in the dissolution rate to a 
local effect, since the physical mixture of identical composition (sample "E'*) 
dissolved at the same time only 3.76 rimes faster than the pure drug. 

It has to be concluded that such difference may be attributed to better 
wettability and dispersibility and to the drug particle size reduction taking 
place in the solid dispersion when a large excess of urea is used. 
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Conclusions 

The present investigation has shown that the addition of urea to 
Ibuprofen both in the form of physical mixture and even more in the 
form of solid dispersion, can markedly enhance the in vitro dissolution 
of Ibuprofen. 

The higher the urea quantity, the greater the effect evidenced. 

Besides, from the results of solubility studies it may be concluded 
that the urea solubilizing effect is an important factor regulating the 
dissolution rate of Ibuprofen from Ibuprof en-urea mixtures. 

The authors feel indebted to Prof. G.G/T. Guarini {Dept. of Chemistry) 
for valuable suggestions concerning the recording and interpretation of thermal 
curves. The authors are also grateful to Dr. L. Poggi {Inst, of Mineralogy) 
for help in performing and explaining the X-ray diffraction spectra, and to 
Mr, Luca Ceccarelli for his technical assistance. 
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